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A D I V I S I O N  O F  

N O R T H R O P  C O R P O R A T I O N  N O R T 3 % O N I C S  

This report contains a technical description and operating 

instructions for the Flow-Direction and Pitot-Pressure Sensor, 

Part l o .  5212138, produced f o r  the  lfational Aeronautics and 

Space Administration by lortronica Divisioq of lorthrop Corpora- 
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SCOPE . - I 

T h i s  r epor t  conta ins  t echn ica l  information per ta in ing  t o  the  

operat ion of the  N . A . S . A .  Flow-Direction Sensor. Included are: 

a t echn ica l  desc r ip t ion  of t h e  Sensor, s p e c i a l  assembly i n s t r u c t i o n s ,  

operat ing c h a r a c t e r i s t i c s ,  wiring diagrams, and p a r t s  l i s t .  

I1 EQUIPB@#T 

Applicable equipment includes t h e  Sensor System and items of spec ia l  

support  equipment employed wi th  t he  Sensor f o r  opera t iona l  t e s t  

purpoma . 
1. 

2. 

3. 

49 

5 .  

Flow-Direction and Pitot-Presaure Sensor, Nortronics  

P/N 5212138. 

Sensor System Analyzer Including e l e c t r i c a l  cab les ,  

l o r t r o n i c s  P/l9 02580001. 

Sensor E l e c t r i c a l  Cal ibra t ion  Unit wi th  e l e c t r i c a l  cable, 

Nortronics  P/N 02580004. 

Sensor Elec t ronic  Module Test Unit w i th  e l e c t r i c a l  cables ,  

l o r t r o n i c e  P/N 02580003 . 
Sensor Coupling and Support Fixture, Wortronica P/N 

02580002, 

I11 APPLICABLE DOCUW&HTS 

The f o l lon ing  re ferences  contain background information > e l a t i v e  

to t h e  design, operat ion,  and  t es t  of t h e  sensor:  

! 
-1- NORT 60-46 
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1, 

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

9.  

H.A.S.A. Design 

1957-  

First Quar t e r ly  

March, 1958. 

Spec i f i ca t ion  L8534A, dated October 21, 

Engineering Report, MORT 58-28, dated 

Second Quarterly Engineering RePo-%, MORT 58-49, dated 

June, 1958. 

Third Quarter ly  Engineering Report, NORT 58-79, dated 

September, 1958. 

Fourth Quar t e r ly  Engineering Report, RORT 58-117, d a t e d  

December, 1958. 

Summary Test Report, MORT 59-142, dated October, 1959. 

I n s t a l l a t i o n  Drawing - Flow-Direction Sensor,  North 

American Aviation, Inc. Drawing 240-9515100. 

Process Spec i f i ca t ions  - Flow Angularity Test, I n s t a l l a t i o n ,  

and Operation, North American Aviation, Inc., Spec i f i ca t ion  

EL4-248, dated 26 August 1958, revised 27 November 1959. 

l4,A.C.A. TN 3344, dated December 1954. 

I V  SENSOR TECHNICAL DESCRIPTION 

The t e c h n i c a l  information presented i n  t h e  following sections i s  

app l i cab le  s p e c i f i c a l l y  to Sensor P/N 5212138, S e r i a l  Nos. 003, 

004, 005,' and 006. - 

1. General Features  ? 

1.1 O(nd B Meaaurernent 

-2- NORT 60-46 
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The N,A.S .A, S*enaor measures and transmits synchro output s i g n a l s  

proport ional  to t r u e  angle of a t t a c k ,  K ,  and true angle  of s ide-  

s l i p ,  f3 , during t h e  high a l t i t u d e  ‘and high speed f l i g h t  missions 

of t h e  X - - l 5 *  

measurement f o r  t h e  operat ion of t h e  f o l l o d n g  a i r c r a f t  equipment: 

These s igna l s . supp ly  t h e  a i r c r a f t  a t t i t u d e  input  

1, 

2 ,  

3 -  

4. Di rec tor  Control;  P/# WCLCI-1-70A 

Angle of Attack Indica tor  N.A.A. P/H 25285-304 

Angle of S i d e s l i p  Ind ica to r  I . A . A .  P/BI 25295-304 

WeAoS.Ae Recorder P/I LDZ 32487 

1 , 2 Thermocouple Instrumentation 

Thi r teen  chromel-alwnel instrumentat ion thermocouples a r e  loca ted  

wi th in  t h e  Sensor t o  e l e c t r i c a l l y  measure se l ec t ed  i n t e r n a l  skin 

temperatures during f l ight , . ’  Five a d d i t i o n a l  chromel-alumel 

thermocouples measure se lec ted  i n t e r n a l  equipment temperatures,  

These signals are supplied t o  a N.A.S.A. furnished recorder  aboard 

t h e  a i r c r a f t  

1 .3  Tota l  Pressure Source 

A t o t a l  p ressure  source from t h e  Sensor i s  supplied t o  t h e  a i r c r a f t  

through an  0,375 inch diameter pressure l i n e .  

l o b  I n f l i n h t  Test 

A t es t  c i r c u i t  is provided for i n f l i g h t  check of t h e  Sensor 

operat ion,  

p i l o t  compartment 

This t e s t  i s  i n i t i a t e d  by a push button switch i n  the 

-3-  NORT 60-46 
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1 . 5  Coolinn System 

Expanded l i q u i d  n i t rogen  from t h e  a i r c r a f t  supply is used t o  cool  

and temperature condi t ion  the i n t e r n a l  Sensor equipment . 
sen8or i  and valves within the  Sehsor au tomat ica l ly  c o n t r o l  t h e  

coolant  flow. 

T.emperature 

1.6 Ground P r e f l i n h t  Checkout 

A n  e l e c t r i c a l  t es t  connector access ib l e  wi th  the Sensor i n s t a l l e d  

on the a i r c r a f t  i s  provided f o r  ground checkout of t h e  Sensor 

systems . 
1 .7  I n s t a l l a t i o n  

The I.A.S,A. Sensor i s  physical ly  lnterchangdable with the boon 

nose (H.A.A. P/M LE 300404) of t h e  X-15 a i r c r a f t .  

t o  the Sensor are made through COUplhg8 which au tomat ica l ly  engage 

when t h e  Sensor i s  mounted on t h e  a i r c r a f t .  

l o c a t i o n s  and i d e n t i t y  of the  Sensor half  of t h e s e  coupling8 is 

shown i n  Figure 1. 

i n s t a l l a t i o n  a r e  given on II.A.A. drawing 240-951510. 

All connections 

A diagram giving t h e  

Fur the r  d e t a i l s  descr ib ing  t h e  a i r c r a f t  

1.8 Power Reauireaent s 

The 3engor r ece ives  e l e c t r i c a l  and hydraulic power and l i q u i d  

n i t rogan  coolant from t h e  aircraft supplies. 

requirements ere as follows: 
Tota l  Sensor supply 

1. 

2, 

3. 

115 f 10 v o l t s  400 cycle e l e c t r i c a l  power a t  30 watts. 

28 k 4 volts D.C. e l e c t r i c a l  power with 3.0 amps. peak, 

3000 f 100 p.s.1, hydraulic power, 0 .25  G.P.M. max., 

Oronite  8515 a t  45.F t o  4OO.F filtered t o  10 microns. 

-4- NORT 60-46 
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4. Liquid n i t rogen  at  70 f 5 p.s.i. 

1.9 Weight 

The t o t a l  weight of t h e  Sensor A8sembly i s  78 lbs. 

t h e  combined 1nconel-q o u t e r  skin8 ( l i p ,  cone, and sphere) account 

f o r  approximately 50$ of t h i s  t o t a l .  

The weight of 

2. Pr inc ip l e  of Operatloq 

The Sensor e x t e r n a l  geometry c o n s i s t s  of a 6.5 inch diameter 

servoed sphere mounted t a n g e n t i a l l y  t o  a con ica l  a f t s rbody of 

approximately 1 5  degrees sea-vertex angle.  

diameter o r i f i c e s  a r e  located In the sphere each 42 degrees from 

the  s t agna t ion  poin t ,  one p a i r  In the  v e r t i c a l  plane ( R o r i f i c e s )  

Two pairs of 0:188 

and one p a i r  I n  the hor izonta l  plane ( 

i d e n t i c a l  servo systems are used t o  r o t a t e  t h e  Sensor sphere about 

t he  (X and p axes. These servo8 func t ion  t o  d r i v e  t h e  sphere t o  a 

p o s i t i o n  such t h a t  t h e  Impact pressures seen by a l l  sensing o r i f i c e s  

are equal. 

d i r e c t l y  i n t o  t h e  r e l a t i v e  wind. Two synchro8 a r e  used, one on t h e  

ocsphe re  a x i s  and one on t h e  p sphere axis t o  measup t h e  angular  

p o s i t i o n  of t he  sphere with respect  t o  t h e  e t r u c t u r a l  cone a f te rbodyo 

These angular  measurements a r e  then  a t r u e  measure of t h e  a i r c r a f t  

angle of a t t a c k  and angle of s i d e s l i p .  

o r i f i c e s ) ,  Two f u n c t i o n a l l y  

When t h i s  condition e x i s t s ,  t h e  rphere is or ien ted  

A 0.5 inch  diameter o r i f i c e  located a t  t h e  sphere s t agna t ion  point  

provides a t o t a l  p ressure  Bource f o r  t h e  a i r c r a f t .  This  t o t a l  

-6- NORT 60-4.6 
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. e. 

pressure measurement i s  also u t i l i z e d  wi th in  t h e  Sensor f o r  gain 

compensation i n  t h e  =and sphere servo systems, A schematic 

diagram showing t h e  p r i n c i p l e  of Sensor opera t ion  is given i n  

Figure 2. 

. 

3 *  Sensor Physical  Deaeription 

3.1 Servo System 

The o(. and f3 servo systems a r e  h n c t i o n a l l y  i d e n t i c a l .  

systems are mechanised as shown i n  Figure 3, with an  inner p o s i t i o n a l  

servo loop which i n  t u r n  is cont ro l led  by an  outer ,  u n i t y  feedback, 

d i f f e r e n t i a l  pressure con t ro l  loop. 

d r i v e  t o  zero t h e  d i f f e r e n t i a l  pressure measured ac ross  e i ther  p a i r  

These 

The o u t e r  loop func t ions  t o  

of sphere sensing o r i f i c e s .  

Because t h e  d i f f e ren t i a l  pressure ga in  of t h e  sphere sensing o r i f i c e s  

wi th  respec t  t o  sphere angular displacement r e l a t i v e  t o  t h e  wind 

vec to r  i s  d i r e c t l y  proport ional  t o  t he  dynamic preasure,  q, of t h e  

airstream, a single instrument servo i s  used f o r  ga in  compensating 

both servo loops according t o  t h e  func t ion  l/q. 

servo is programmed by a d i f f e r e n t i a l  pressure measurement made 

between t h e  sphere s tagnat ion o r i f i c e  and the r i g h t  

T h i s  gain changing 

o r i f i c e -  B 
The nominal loop e r r o r  voltage l e v e l s ,  t h e  e r r o r  vol tage p o l a r i t y ,  

t he  l o c a t i o n  of t h e  s y s t e ~  t e s t  po in ts ,  and t h e  D.C. ga in  and 

s a t u r a t i o n  l e v e l s  of the servo system components are shown a l s o  

on Figure 3. 

-7- NORT 60.46 
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Figure 4 shows a eervo block diagram of e i t h e r  t h e %  or 13 loop  

wi th  t h e  component t r a n s f e r  func t ions  assigned. 

The servo e l e c t r o n i c  circuit elements, the OC and e d i f f e r e n t i a l  

p ressure  e r r o r  t ransducers ,  the ga in  changing t ransducer ,  and t h e  

ga in  changing servo assembly are  all housec? wi th in  t he  E lec t ron ic  

Ca i t ro i i e r  Assembiy P/N 5212i71. - A  dr‘awlng of t h i 8  assembly is 

shown i n  Figure 5 .  

The e l e c t r o n i c  c i r c u i t  elements of t h e  oc and fi3 servo axes are 

assembled on p r in t ed  c i r c u i t  board8 P/# 4212175 and form decks 1 

and 2 r e spec t ive ly  of t h e  Electronic  Cont ro l le r  Assembly. 

schematic wiring diagram showing e i t h e r  t h e  oc o r  f3 semo e l e c t r o n i c  

c i r c u i t s  I s  given i n  Figure 6.  

elements shown on t h i s  diagram may be obtained from the K o r  

C i r c u i t  Board h!mm~blp, drawing 4212175. 

A 

The physical  l o c a t i o n  of the c i r c u i t  

k 

A t h i r d  p r in t ed  c i r c u i t  deck of t h e  Elec t ronic  Con t ro l l e r  Assembly 

conta ins  t h e  c i r c u i t  associated wi th  t h e  ga in  changing servo, 

elements of t h e  power supply, and t h e  e l e c t r i c a l  r e l a y s  of t h e  

Sensor cool ing systema. 

c i r c u i t s  is given i n  Figure 7; t he  l o c a t i o n  of t h e  c i r c u i t  elements 

on t h e  c i r c u i t  board may be obtained from t h e  q Compensation C i r c u i t  

Board Assembly, drawing 6212197. 

A schematic wir ing diagram of these  

A fourth deck segment loca ted  between t h e  pservo board and the q 

deck conta ins  the p r i n t e d  c i r c u i t  and e l e c t r o n i c  elements associated 

with t h e  i n f l i g h t  t e s t  and elements of the ephere and cone temperature 

-LO- NORT 60-46 
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con t ro l  systems. 

given i n  Figure 7 and t h e  loca t ion  of t h e  c i r c u i t  e l e m e n t s s n  

A schematic diagram of these c i r c u i t s  is a l s o  

t h e  c i r c u i t  board may be obtained from t h q  C i r c u i t  Board Assembly - 
F a i l  Warning and Temperature Control,  drawing 4213793. 

Pressure  i n p u t s  f r o m  t h e  6phere sensing o r i f i c e s  are made through 

t he  manifold a t  the forward end of t h e  Elec t ronic  Con t ro l l e r  

Assembly. 

connection of t h e s e  pressure l i n e s .  

Figure 8 shona schematically t h e  rou t ing  arrangement and 

3.2 E l e c t r i c a l  System 

The e l e c t r i c a l  wiring diagran showing e l e c t r i c a l  p i n  connections,  

wire i d e n t i f i c a t i o n ,  and connector i d e n t i f i c a t i o n  f o r  t h e  genera l  

Sensor e l e c t r i c a l  system is shoun i n  Figure 9. 

3.3 Hydraulic System 

The a( and g r o t a r y  hydraul ic  ac tua to r s ,  t h e  prime movers of t h e  

servo system, are packaged as a n  in t eg ra t ed  mechanism wi th in  t h e  

Sensor sphere. 

a c t u a t o r s  i s  accomplished by i n t e g r a l  por t ing  wi th in  t h e  a c t u a t o r  

housings and support  s t ruc tu re .  The f l u i d  t r a n s f e r  to each 

A l l  hydraul ic  f l u i d  t r a n s f e r  t o  and from t h e  

a c t u a t o r  i s  cont ro l led  by an e lec t rohydraul ic  servo valve mounted 

and ported by a coamon manifold. A hydraul ic  f i l t e r  i n t e g r a l  with 

t h e  hydraul ic  manifold provides f l u i d  f i l t r a t i o n  t o  10 microns per  

MIL-F-5504A. Figure 10 shows a schematic diagram of t h e  hydraul ic  

po r t ion  of t h e  Sensor System. The deta i l  assembly is shown on the - 
-15- NORT 60-46 
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Sphere Actuation Assembly, drawing 5212143, of Figure 1 0 A .  

t h a t  a l l  hydraul ic  O-ring eeals use compound 363-70 of t h e  

P l a s t i c s  and Rubber Products Company. 

Note 

3.4 Coolinn System 

A schematic diagram of t h e  coaling system crrangement i s  shown 

i n  Figure 11. 

temperature con t ro l  and coolant d i s t r i b u t i o n  systems a r e  used for 

condi t ioning t h e  environment within t h e  cone and within t h e  sphere.  

I n  each system low temperature n i t rogen  i s  taken from t h e  shipboard 

supply, t h r o t t l e d  through an on-off solenoid operated con t ro l  valve 

and allowed t o  flow through t h e  d i s t r i b u t i o n  system. The cone 

d i s t r i b u t i o n  system u t i l i z e s  a cold wall contiguous w i t h  t h e  cone 

i n s u l a t i o n -  

a t  the f r o n t .  

t h e  a r e a s  where t h e  p ac tua tor  shaf t  and t h e  

t o  t h e  s p h e r e Y  

A wiring schematic i s  shown on Figure 1 1 A .  Separate 

LN2 i s  introduced a t  t h e  rear and gaseous N2 exhausted 

The sphere d i s t r i b u t i o n  sgetern d i r e c t s  gaseous N2 a t  

synchro shaft a t t a c h  

Each system uses  a d i s c  type  thermis tor  t o  sense t h e  e x i s t i n g  i n t e r n a l  

temperature and t o  ac tua t e  the respec t ive  LN2 valve r e l ay .  

t he rmis to r  i s  loca ted  i n  t h e  N2 exhaust of t h e  cone cold wall, 

sphere t h e m i s t o r  i s  housed i n  t h e  p a c t u a t o r  shaft. 

a r e  mounted on t h e  q Compensation C i r c u i t  Board, P/M 4212197, i n  t h e  

Elec t ronic  Cont ro l le r  Assembly. 

The cone 

The 

The valve r e l a y s  
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A t r a n s i s t o r i z e d  c i r c u i t  associated wi th  each the rmis to r  i s  used t o  

increase  the thermis tor  s igna l  power s u f f i c i e n t  t o  operate  t h e  

sphere and cone LN2 valve relays.  

Fail Warning and Temperature-Control C i rcu i t  Board Assembly, P/N 

T h i s  c i r c u i t  i s  mounted on the 

4213793 

A t h i r d  thermal switch connected d i r e c t l y  ac ross  t h e  cone LN2 valve 

c o i l  is mounted on t h e  cone LN2 f i l t e r  body and is responsive t o  t h e  

f i l t e r  body 6emperature. T h i s  switch is a bi-metal type and i s  used 

t o  provide in t e rmi t t en t  blowdown of t h e  LN2 supply l i n e  such t h a t  t h e  

f i l t e r  body and, therefore ,  t h e  supply l i n e  are maintained a t  a low 

temperature.  T H i a  blowdown arrangement a s su res  immediate coolant 

f l o w  t o  e i t h e r  t h e  cone o r  sphere cont ro l  valve ,in response t o  coolant 

command from e i t h e r  t h e  cone o r  sphere t h e m i s t o r  c i r c u i t .  

The e l e c t r i c a l  l eads  of both the sphere and cone the rmis to r s  are 

brought out a t  t h e  Sensor t e s t  connector. These leads a r e  provided 

f o r  both ac tua t ing  and monitoring the  Sensor cool ing systems during 

-23- NORT 60.46 
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1 

ground checkout procedures.  

An i ron-constantan t e s t  thermocouple is i n s t a l l e d  i n t e g r a l l y  with 

the cone the rmis to r  with leads brought ou t  t o  the  Sensor  t e a t  

connectm.  This thermocouple permits aearursment of t h e  internal 

Sensor temperature through t h e  Sensor System Analyzer during ground 

t e s t  procedures. 

3.5 I n f l i n h t  Test System 

I n f l i g h t  t es t  of t h e  8ensor  I s  performed b7 momentarily c l o s i n g  t h e  

p i l o t %  t e s t  awitch. When t h i s  switch i s  closad,  t h e  e r r o r  signals 

in t h e  oc and P d i f f e r e n t i a l  p ressure  servo c o n t r o l  loops are grounded 

a t  t h e  output  of t h e  outer loop i n t e g r a t o r 8  and a f i x e d  D.C. p o s i t i o n a l  

vo l t age  command is app l i ed  t o  t h e  inpu t  t e a t  point of the  o< and 

posi t ional  8ervo loops ,  

r o t a t e  t o  a pradeterminad poditioh in a and a . 
Sensor  aphere t o  the t es t  colaaand 18 read by t h e  p i l o t  on t h e  O( and g 
indicators,. 

upon r e l e a s e ' o f  t h e  test  switch, provide a. check of t h e  proper  

ope ra t ion  of the o u t e r  d i f f e r e n t i a l  p re s su re  c o n t r o l  loopa. 

The p o a i t i o n a l  c'onmand cau808 t h e  sphere t o  

The response of the 

The recovery ahara&eri8t iC8 of t h e  3ensor sphere,  

A schematic diagram of t h e  teest  system i s  shown i n  Figure 1 2 ,  

The c i r c u i t  associated with the fa i lure  warning system i a  mounted 

on the F a i l  Warning and Temperature Con tml 'C&rau i t  Board in t h e  

E l e c t r o n i c  C o n t r o l l e r  Assembly. 

-24- NORT 60-46 
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The schematic, diagram of this board i s  shown on Figure 7, and t h e  

physical  l o c a t i o n  of t h e  c i r c u i t  e l e a e n t s  m y  be obtained from 

the F a i l u r e  Warning and Temperature Control C i r c u i t  Board Assembly, 

drawing 4213793 . 
4 Sensor OReratinn Characteristic8 

The following information i a  included t o  provide a summary of Sensor 

operational datac - 

4.1 Ranrce of Sphere Anru lar  Travels 
Angle of Attack, OC t + 40 dog - 10 dog 

Angle of S i d e s l i p ,  : f 20 deg 

Ad j u a t a b l e  stops with in  the Sphere Actuation Aseembly, drawing 

5212143, are used t o  limit and a d j u s t  t h e  sphere t rave l .  h e r -  

t r a v e l  of * 5 degrees is provided wi th in  the o( and p ac tua tors .  

4 . 2  E l e c t r i c a l  Zero and Po la r i ty  of' t h e  o( and 0 Svnchro Transmit ters  

Angle of At t ack ,K  , E l e c t r i c a l  Zero: 

Angle of Sides l ip ,  4 , E l e c t r i c a l  Zero: 

+ 1 5  deg 

0 deg 

The e l e c t r i c a l  mro defined above assume8 l i k e  phase on both 

t r a n s m i t t e r  and r ece ive r  synchro rotor l eads ,  R1' 

The o( and p synchro p o l a r i t i e s  are defined as follows: 

1. Increasing posi t ive  g results in C l O C k w i 8 t 3  rotation of 

Kearf o t t  R-510 ( or  equivalent  synchro receiver 8haft when 

-26- NORT 60-46 
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viewed from shaft  end. 

Decreasing r i g h t  rudder s i d e s l i p  result8 i n  clockwise 

r o t a t i o n  of Kearfott R-510 ( o r  equiva len t )  synchro 

r e c e i v e r  s h a f t  when viewed f r o m  t h e  s h a f t  end. 

2. 

The M a n d  p synchro p o l a r i t i e s  s t a t e d  above, when re ferenced  t o  

I .A.S.A. Recorder LDZ 32487, r e s u l t  i n  t h e  fol lowing d e f i n i t i o n :  

1. Increas ing  positive o( (nose of sphere moving down) 

r e a u l t a  In downward motion of t h e  6( l i g h t  beam on Recorder 

LDZ 32487. 

4.3 

The 

2. Decreasing r i g h t  rudder , a i d e s l l p  (nose of the sphere moving 

r i g h t )  results In downward motion of t h e  l i g h t  beam on 

Recorder LDZ 32487. - 
Dvnamic Presrsure Ranne of S e n o  Gain Coa~ensat i o 4  

Maxi- 2500 pesof.  

Miniraum 1 5  p.8.f. 

above compensation range is based upon an as8umed presaure  

d i f f e r e n t i a l  between t h e  sphere t o t a l  p re s su re  po r t  and t h e  F r i g h t  

po r t  equal t o  0.8q.Figur0 2 of X.A.C.A. T I  3344 f o r  W = 3.80, 

reproduced a a  Flgure 12A of t h i s  r e p o r t ,  shows t h e  d a t a  on which t h i s  

assumption I s  based. 

4.4 S t a t i c  Accnracrr of Flow Anrcle He asuremsnt 

The s t a t i c  accuracy of flow angle measurement is b e t t e r  t h a n  0.25 

degrees.  This accuracy a p p l i e s  t o  Sensor ope ra t ion  wi th in  the  range 

-27- NORT 60-46 
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o f  gain ~ o m p e n s s t i o n  ( f o r  dynamic p r e s s u r e s  between ;5 a n d  2500 

p .  c I-! a 

3;: Y X I , ~ + : ~ < I ~ ~  range of dynamic p r e s s u r e *  

F igu re  1 3  shows a n  e r r o r  analysis cover ing  o p e r a t i o n  Over 

In a d a i t i o f i  to t .hose  factors shown on Figure  1 3 ,  whicn c o n t r i b u t e  

t c  s t ? a d y  s t a t e  position errors, one a d d i t i o n a l  c o n s i d e r a t i o n  i s  

~ i g n i f i c a x t ,  Non-:ideai i n t e g r a t i o n  i n  t h e  i n t e g r a t i n g  D.C. amplifier 

ic:roduces p c s i t i o r ,  e r r o r s  which  a r e  p r o p o r t i o n a l  t o  the a c t u a l  s p h e r e  

pos l+ . ion  r e l a t i v e  t o  the position o f  e l e c t r i c a l  zero .  

?<us1 t o  t h e  sphere p o s i t i o n  ( f r o m  e l e c t r i c a l  z e r o )  d iv ided  by l€?? 

3' l L 3  e r r o r  i.; 

(tiis open l o o p  g a i n ) ,  T h i s  error becomes a n;axixum o f  0,13 degrees  
&LO 

=or pc:it,ion.s of -10 degrees  in O( a n d  0.1; degrees  f o r  p c s i t i o ? ?  o f  

4 5 FreaueGcy I is iponse C h a r a c t e r i s t i c s  

,!+< 5 1 

T h e  f r z - p e n c y  response  da t a  shown on F i g u r e  l4 were a b t a l n e d  expe r i -  

;?ltr,tal;v i rom wind t u n n e l  t e s t s ;  s e e  S e c t i o n  L of the Summspy T e q t  

f iepsrt ,  k i + h  a t u n n e l  ciynamzc: p r e s s u r e  of  3 5  p,so5 ' . , ,  an inpu t  m?li- 

t>A!e i o t i o n  o f  +_ 4 0 G o ,  an?  an  o u t e r  open l o o p  ga in  of 23.4 t-leg/deg 

IX 5: p Outer  AP Servo  LOOP: 

-29- NORT 6O-L6 
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(corresponds t o  50 d e d e e c  f o r  i d e a l  i n t e g r a t i o n  i n  t h e  o u t e r  l oop  
de43 

i n t e g r a t o r ) .  The o u t e r  open loop gain was reduced t o  t h e  present  

l e v e l  of 40 deRJsec subsequent t o  these tes ts .  

The following f a c t o r s  a f f e c t  the accuracy of t h e  o u t e r  apen loop  

deg 

ga in  and consequently t h e  frequency responFe: 

1. Accuracy of t h e  gain compensatingAP t ransducer ,  wi th in  t h e  

range of ga in  compensation, may r e s u l t  i n  gain v a r i a t i o n  of 

up t o  2 2.0 db. 

and is  pr imar i ly  r e l a t ed  t o  n u l l  s h i f t  of t h e  

changing t ransducer  with temperature.  

This  ga in  e r r o r  i s  maximum a t  q = 15 p . s o f o  

AP gain  

2. The ga in  changing servo i s  mechanized w i t h  an assumed pressure 

d i f f e rence  between the t o t a l  pressure o r i f i c e  and t h e  p r i g h t  

o r i f i c e  of 0.8 q (Figure 2 of N.A.C.A. TN 3344 f o r  M = 3 . 8 0 ) .  

Varia t ions  i n  this pressure d i f f e rence  due t o  Mach riurnber o r  

o t h e r  e f f e c t s  on t h e  pressure d i s t r i b u t i o n  over t h e  sphere w i l l  

produce inve r se ly  proportional changes i n  t h e  gain s e t t i n g  

commanded by t h e  gain compensating servo. 

3. E l e c t r i c a l  loading of t h e  o r e g a i n  changing potentiometers 

r e s u l t s  i n  a maximum gain e r r o r  of -1.2 db a t  a dynamic 

pressure of 30 p.s.f. 

4. The o u t e r  open loop gain i s  unaffected by - supply vol tage  

v a r i a t i o n  ( s e e  Section 11-3 of Summary Test Report NORT 59-142) 

5.  The o u t e r  loop nominal ga in ,  187 deg/deg, i s  based on an 

assumed sphere o r i f i c e  s e n s i t i v i t y  o f :  

-32- NOR” 60-L6 
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A P = .059 q psf/deg (?igure 2 of H o A o C ~ A o  TM 3344 
7 for It - 3.80) 
AP i s  t he  d i f fe ren t ia l  presaure seea between a mir of 

sensiag or i f i ce s ,  each located 42 degrees f roa  t h e  

atagnatlon point,  0 is the unit angular displaaement 

of the sphere referbnca (uds with reapeot t o  the wind 

rec tor ,  and q is t h e  free stream dynamic pra8sure. 

Any ohawe i'n t h e  sphere orlflca oensitlr$ty due t o  

Hach number or  other  e f f e c t s  w i l l  psoduae dlredtly 

proportionate outer loop gain orriatloa. Thio gain 

var ia t ion  tend8 t o  be o f f s e t  by the  opporlte e f f e c t  

r tated in I t e m  2. above. 

8 

60 Outside the  range of gain compensation, t h e  outer  loop 

gain varie8 d i rec t ly  with t h e  r a t i o  of t h e  ac tua l  dynamic 

preasuro divided bj t he  .co+ensation llmlt, i .e0 ,  415 
f o r  operation with dynamic prerrare  below t h e  compensation 

range and 9/25OO for operation above the compensation raISger 

405.2 

The frequency response shown on Figure 1 5  wa8 obtained from experi- 

mental t e s t s  and shows t h e  d-c character i -me8 of the o( or p 
poeritional be1708 with a nominal open loop gal8 astt ing of 17 

Particular attention should be made t o  the data plot ted on Figure 15 

which arhows the conpling effects of the lloAoS.A. LbZ 32487 self-  

synchronous recorder  on the dynamic behavior of these bervod. 

-OF 0 P 0 8 i t i O d .  Sen0 L o a :  
1 b 

* a  

Thlr 
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condition a r i s e s  because the voltage a c m s s  t h e  s t a t o r  windings Si 

and 3 3  of the Sensor O( and f synchro t ransra i t te r r  i s  used f o r  the 

feedback s igna l  in these tsemos. 

appeartag across b e s o  rtator windings nhioh is generated by t h e  

Therefore, any extraaeoap voltage 

recorder spahro w i l l  be ref lected in t h e  pos i t iona l  aemo re8ponse. 

Figure 15 show8 tbat t h e  Sensor servo response I8 par t i cu la r ly  

aenai t ive t o  the %amping adjustment of t h e  rece iver  rynbhro. 

the  na tura l  coupling, frequency of t h e  t r ansmi t t e r  aad receiver  

;iynchro appears about l.4 c.p.8. 

Also, 

Reference t o  Figure 14 shows that 

t he  outer  o( ptdp 4P control loopr &re erpoaiallj r o a r i t i r e  t o  

o s c i l l a t o r y  diaturbanues around this rynchro coupling frequenoy. 

From the above oonaiderationa, t h e  optirUr rece iver  8yncrhro damping 

r a t i o  Idjtarrtmnt apporra t o  be rpproxirartely 0.7. 

4.6 SenuorW end 13 Sono  Yelooitr Charecter is t icp 

6.6.1 
I 

Qaad 13 Pos i t i  O M 1  80rr O t  
I 

Velocity l i d t a t i o n  of t he  K o r  

e n t i r e l y  by the flow charae te r i s t ica  of t h e  hydraulia 8ewo valve. 

The output aaturatiolr  lore1 of t h e  current feedback D.C. valve 

amplifier is f 8 ma., while t h e  servo valve i r  ra ted  f o r  e maximum 

flow of 0.385 in3/aec at  f 4.0 ma. input. T u 8  ma+ximm rated f l p u  

is equlvaleat t o  a no-load aotuator angular ve loc i ty  of f 236 

.degrees/rec. 

p . 8 . i .  and 100.F. 

positional 8 e n 0  I s  doterained 

This rated flow i s  specif ied f a r  supply fluid a t  3000 

Tamperature var ia t ion  of the supply f l u i d  will 

-35- NORT 60-46 
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produce v a r i a t i o n s  i n  the maximum flow capac i ty  of t h e  va lve  due t o  

the change of the  f l u i d  v i s c o s i t y  with temperature. 

of the r e s u l t i n g  v a r i a t i o n  i n  t h e  aervo p l a x i m u m  v e l o c i t y  i 0  

approximately as f o l l 0 ~ 8 :  

The magnitude 

With supply f l u i d  at -4O.F: 
With supply fluid a t  2500Ft 

120 deg/r;ec 

300 dsg/sec 

4..6.2 

For Sensor operation wi th  dynamic pressures below 1050 p . b . f . ,  t h e  

~ a t l d  B Outer AP Serro't 
1 

maximum o u t e r  loop sphere velocity i a  l i m i t e d  t o  88 deg/aec due t o  

the voltage s a t u r a t i o n  of the o u t e r  loop demodulator, 

For  Sensor opera t ion  with dynamkc pressure above 1050 p . s . f . ,  the  

v e l o c i t y  output of t h e  outer loop i s  l i m i t e d  by t h e  s a t u r a t i o n  of' 

The r e s u l t i n g  maximum v e l o c i t y  c a p a b i l i t y  bP e r r o r  t ranaducer .  

above 1050 pos.f. is  equal t o  JOSO x 88 deg/sec.. 

The above r e l a t i o n s h i p s  may be seen by t h e  following ana lys i s :  

Qaatual 

With an ou te r  loop demodulator output s a t u r a t i o n  l e v e l  of f 14 V o D , C e  

and wi th  an e r r o r  vol tage l e v e l  of 6.45 V/deg a t  t h i s  po in t ,  the 

demodulator w i l l  s a t u r a t e  with a sphere p o s i t i o n  error r e l a t i v e  t o  

the  wind vec to r  of 14/6.45 or  2.2 degrees. With an open loop gain 

of 40 d e d s e c  t h e  r e s u l t i n g  maximum v e l o c i t y  command by t h e  ou te r  
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With a sphere o r i f i c e  s e n s i t i v i t y  of -059 q p.a.f./deg and with 

a AP t ransducer  s a t u r a t i o n  of  135 p.s.f., a 2.2 degree e r r o r  i s  

below t h e  s a t u r a t i o n  l e v e l  of t h e  t ransducer  f o r  opera t ion  with 

. dynamic pressure below: 

q - +.-, - 1050 p.s.f. 
x 2 * 2  

4.7 

The c o n t r o l  th reshold  of t h e  o( o r  p o u t e r  AP servo l a  determined 

e n t i r e l y  by t h e  threshold  of t h e  combined hydraul ic  8ervo valve and 

ac tua to r .  

Threshold of t h e  o( o r  0 Servo Svlstem 
1 

The threshold  of t h i s  combination i s  i n  t u r n  determined 

by t h e  pressure  ga in  of the valve and t h e  breakout s t a t i c  f r i c t i o n  

of t h e  ac tua to r .  

Teat measurements have debonstrated t h e  a b i l i t y  of t h e  Oc o r  p 
servo syetems to re8pond w i t h  fair f i d e l i t y  t o  a s inuso ida l  vol tage 

command of 0,5 c,p.a. with a peak-to-peak sphere motion of Oe04 

degrees. 

Proper ly  f i l t e r e d  hydraul ic  f l u i d  i n i t i a l l y  cleaned t o  2 microns 

and maintafned t o  10 microns is essential t o  t h e  r e a l i z a t i o n  of t h i s  

threshold capab i l i t y .  

Also con t r ibu t ing  t o  t h e  low threshold  c a p a b i l i t y  of the  system i s  a 

small to0 cycle/sec noise  component auperirnpoeed on t h e  vol tage  out- 

put of t h e  o u t e r  loop i n t e g r a t i n g  amplif ier .  

e f f e c t i v e  d i t h e r  algnal t o  t he  servo valve approximately equal  t o  a 

This noise adds  an 
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200 y x  peak-to-peak valva current.  System threshold c a p a b i l i t y  

should therefore be demonstrated with t h e  output of t h e  i n t e g r a t i n g  

a m p l i f i e r  ungrounded. 

4.8 

Backlash in t h e x  or  p sphere a c t ' u o n  s y s t e m  I s  l imi t ed  t o  t h e  

geared coupling between t h e  ac tua tor  p i s t o n s  and a c t u a t o r  ahaf t% 

Diametr ical ly  opposed and crom ported ac tua tor  p i s tons  each with a 

small d i f f e r e n t i a l  area provide inherent  hydraulic prsloadlng t o  

t h e m  gear t e e t h .  

t o rqu t  of 69 In-lb.  

l a  obtained. The preloadlng arrangement may be seen by reference 

t o  Figure 10A. 

Backlash of t h e =  o r B  Servo Systems 
m 

The preload 38 equivalent  t o  an external Bphere 

Below the  leve l  of thio prolaad, aero backlash 

4*.9 In f l lRh t  Test Svete 111 

4.9.1 lominal Sphere P o r i t  ion i n  Re8DOnSe t o tho Test Comrsan4: 

Angle of Attack, o(,: -5 dog 

: + 15 dog Pos i t i ve  p i s  defined with t h e  Angle of S idea l ip ,  
f r o n t  of t h e  sphere displaced 
r i g h t  looking forward. 

P 

4.9.2 Sphere Pos i t i ona l  Accuracy i n  Rea~onee t o  t h e  Teat Conmanq: 

Angle of Attack, M : f 5 deg (R)Is of t o t a l  error) 

Angle of S i d e s l i p ,  f3 : t 5 deg (RMS of t o t a l  e r r o r )  

An a n a l y s i s  of possible  error sources i n ' t h e  sphere commanded 

position i s  presented below: 
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1. The zener point  o f t h e  zener d i o d e  used to regulate t h e  

D . C .  vo l tage  command may vary f 5%. This t o l e r a n c e  

corresponds t o  sphere displacements of t 1.03 dsg i n q a n d  

0.79 deg in p 

2. T h e g o r  p s y n c h r ~  tr~csmittsr cstput s e i i s i t i v i i y  may vary 

- + 9% duo to A . C .  supply vol tage  v a r i a t i o n .  

correspcnds t o  sphere displacements of 2 1.8 deg In G(and 

f l,A+ de& in g about t h e  nominal commanded position.. 

T h i s  v a r i a t i o n  

3. The n u l l  of t h e  hydraulic servo valve may s h i f t  t LO$ 0:' 

maximum rated flow due to temperature cha.itq:es Tron -f+c'nl 

t o  400aF. 

sphere displacement In both 6( and p . 
This null shift corresponds ti> i 1.5 deg 1;:' 

4. The tolerance in t h e  null alignment of t h e  a( or (5 synchnro 

transmit ters  is k 1.0 deg. 

5 .  Tempexture drift  of the output of t h e  D . C .  valve 

ampl i f i e r  may be ?J 2 v o l t s .  T h i s  d r i f t  corresp:): id;  'io 

? ?. t?  deg o f  sphere d i s p l a c e n e n t  i n  hot;h & ox' @ (I 

It s k i o d d  be noted t h a t  a combined error of t 5 deg in the 

Fqsitional servo l o o p  i s  e s s e n t i a l l y  canceled d b r i n g  n o i m a i  s - n s D r  

o p e r a t i o n  by tne high ga in  of the o u t e r  ioop. The r e s u l t i n g  a u t - ?  

l o o p  - r ror  may be obtained by d i v i d i n g  t,ha position l o o p  ert"Sr, 

i 5 deg, by the o u t e r  loop gain, lt37, or 2 .327 deg.  
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4 * 9 . 3  Sphere Recovery . C h a r a c t e r i s t i c  

During t h e  time i n t e r v a l  of t h e  t es t  c o d n d ,  i n t e r r u p t i o n  of the  

normal func t ion  of t h e  ou te r  se rvo  loop w i l l  produce t h e  fo l lowing  

condi t ions:  

SI 

'I 
I 

1. The b( and g o u t e r  loop i n t e g r a t i n g  a m p l i f i e r s  w i l l  

s a t u r a t e  due t o  t h e  large s teady  s t a t e  

both pairs of sensing o r i f i c e s  during t h e  t es t  i n t e r v a l ,  

The o u t e r  loop ga in  changing servo w i l l  d r i v e  t h e  o u t e r  

loop gain t o  a Pevel which corresponds t o  t h e  a c t u a l  AP 

between t h e  pitot o r i f i c e  and t h e  F r i g h t  o r i f i c e  during 

t h e  t e s t  i n t e r v a l .  

AP e x i s t i n g  between 

2. 
I 

I The p o l a r i t y  of t h e  t e s t  command, i .e. ,  f r o n t  of sphere moves 

right,4is choaen such t h a t  t he  change i n  t h e  o u t e r  l oop  gain is 

minimized during t h e  t e s t  i n t e r v a l .  

I , A . C . A .  T# 3344 shows t h a t ' a  steady a t a t e  B r i g h t  e r r o r  o f  1 5  

degrees  increases t h e  AP between t h e  p i t o t  o r i f i c e  and t h e  p r i g h t  

o r i f i c e ,  and, consequently, reduces t h e  servo g a i n  s e t t i n g  by only 

3 db. 

t r a n s i e n t  g a i n  e r r o r  w i l l  be i n d i s c e r n i b l e  on t h e  normal sphere 

response c h a r a c t e r i s t i c s .  The recovery time t o  t h e  proper gain 

setting is determined by t h e  v e l o c i t y  c a p a b i l i t y  of t h e  g a n  

changing servo ( s e e  Sec t ion  4.10), 

Reference t o  Figure 2 Qf 

I 
8 
U 
t 

Upon release of t h e  t e s t  command t h e  a f f e c t  of this small 

The time requi red  is a l s o  a 

f u n c t i o n  of t h e  dynamic prersurd.+ 

time t o  recovery. 

Table 1 below shows approximate I 
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overpressure due t o  the  commanded misalignment of t h e  aphere and 

senaing p o r t s  with respect  t o  t h e  wind vector.  Reference t o  Figure 

2 of I . A . C . A .  Tll 3344 shows that t h i s  d i f f e r e n t i a l  orerpres8ure may 

reach a maximuan of 2.0 q acr01)a the  R o r p  ports, 

The a( and 0 d i f f e r e n t i a l  presaure t ransducers  are rated a t  108 

p . s . f .  (0,75 p.8.i.) f u l l  scale. However orerpremure t o  20 time8 

t h i s  rating is  parmisslble without a s i g n i f i c a n t  s h i f t  i n  t h e  nu l l  

of  the instrument. 

I 

Because of the above eonsiderat ions,  operat ion of t h e  i n f l i g h t  teat 

should not be p e r f o k e d  during f l i g h t  when the dynamic preesure 

exceeds 1000 p . 8 . f .  

4 .lo 

A d e t a i l e d  raechagiration diagram of t h e  gain changing servo i s  

givgn on Figure 17. 

Gain Challrninn Servo Chrracter is t igg 

An enalyals  of this system w i l l  ehow t he  

following servo charac te r i s t lc r :  

4.10.1 Trackinn Error  

The l o o p  i s  a type I servo and w i l l  exh ib i t  a constant  pos i t ion  

e r r o r  in t racking.  

pressure of the a i r a t r e a r  i s  given by: 

, This error expressed in terns of the  dynamic 

qerror  ** Qactual 
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Gain Recovery Dynamic Pressure 
Time Seconds P.S.F. 

6 1 5  

3 30 
i.5 60 

0-75 120 

b 

Table I 

The e f fec t  of t he  saturation of the  outer loop in tegra tor  on t he  

sphere recovery CharaCteri8tic6 I 8  shown I n  Figure 16. 

response shown a s s ~ l e 8  an a i r c r a f t  a t t i t u d e  of eero angle of  a t tack  

and zero s ides l ip  angle. 

the outer loop 8phere recovery velocity I 8  l imited by t he  saturat ion 

The 

Below d jn r r i c  pre8surea of 1050 p.s.f. 

of the  outer loop demodulator; above 1050 p.s.f. the  maximum recovery 

veloci ty  I s  determined by t h e  aaturation of the AP e r r o r  tranedaeer 

(see Section 4.6.2). 

Y 

Upon rel'ease of the  t e a t  cosmand, the rapid sphere t r a v e l  t o  the 

OppO8ite travel atop positions of + 40 deg In a n d q  -20 deg In 

is due to t he  I n i t i a l  step command t o  t h e w  and# porl t lonal  8ervos 

caused by the f u l l  -15 volt output sa tura t ion  voltage stored i n  

t4e outer loop integrators. '  

4.9.4 Operational RestrlatloqL 

During the operation of tho Inf l igh t  t e s t ,  the sensi t ive Kand 6 
AP emor transducer8 am exposed t o  large abnormal differential 
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The above expreaaion give8 the qerror  i n  t he  automatic posi t ioning 

of t h e  servo during a steady atate rate of preasure change of 1 

psf/sec w i t h  an inStaXltaneOU8 d p r i c  pressure Of qactual  p.8.f  b 

For the extreme3 of the dynamic preaaure range, 1 5  t o  2500 p . s . f . ,  

I 
this t racking e r r o r  w i l l  be: 

2.52 lq = 1 5  psf 
qerror  

pk = .0152 and 
Qerror  

4.10.2 Velocity CaPabili tP 

The ve loc i ty  of t h e  oervo IS l imited by t h e  maximum output ve loc i ty  

, of t h e  servo motor, 2.4 rad/sec a t  the potentiometer shaft, and I s  

given by the following expressidm.in terms of t h e  dynamic preeaure: 

Where QactuPl is expre8aed in p.8.f. 

A t  the extremes of the range of dynadc pressure the  maximum servo 

v e l o c i t i e s  are given below: 

- .57 p. s . f ./aec 
dt max 

and 
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The time requi red  f o r  t h e  servo t o  t r a v e l  from one potent iometer  

t r a v e l  s t o p  t o  t h e  o t h e r  may be obtained by d i v i d i n g  t h e  t o t a l  

potent iometer  t r a v e l ,  52.8 radians, by t h e  maximum potent iometer  

shaf t  v e l o c i t y ,  2.6 rad/sec, o r  26 seconds. 

4.10.3 Threshold 

The t h re sho ld  of t h e  servo is determined by t h e  s t a r t i n g  vo l t age  

r equ i r ed  by t h e  servo  motor and i t a  load. This vo l t age  a t  t h e  

motor c o n t r o l  f i e l d  is 1.76 v o l t s  o r  expressed i n  t e r a s  of t h e  

dynamic pressure  is: 

- qthreshold 

Where q i s  expressed in p.s.f. 

approximately 1.N of t h e  a c t u a l  4 P  seen between t h e  p i t o t  p o r t  and 

the r i g h t  f3port .  

Thus, t h e  servo t h re sho ld  becomes 

4.10.4 Servo Dvnanrics 

The dynamic s t a b i l i t y  c h a r a c t e r i s t i c s  of t h e  c losed  loop  are 

determined by t h e  open loop  gain. 

dynamic pressure  by t h e  following expression: 

This  gain is  r e l a t e d  t o  t h e  

Open Loop Gain = .0264 q rad/sec 
rad  

where q is expressed in p.s.f. 
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The closed loop dynamic response, therefore ,  is a funct ion o? the  

dynamic pressure. 

F o r  t he  extremes of the  dynamic pressure range, t h e  dynamics of 

t h p  clc?,aed Ieop servo are gfvsn  by the foPPtisirqg transfer functions: 

and 

o m  K 

19 - 1 5  

Iq - 2500 

4.11 Sensor Thermal Character is t ic6 

4.11.1 Omratinn TeaDerature Rangp 

The Senaor I s  designed t o  su f f i c i en t ly  cool t h e  i n t e r n a l  equip- 

ment with the outer Inconel-It Sensor surfaces  s tabi l ised a t  1200oF 

for an i n d e f i n i t e  period. 

condi t ions i s  0.98 lb/min (see Sect ion 7 of the 31:ry Test Report, 

The t o t a l  LIl2 required under these  

HORT 59-142) 

The maximum allowable internal equipment operat ing temperatures 

a r e  a s  follows: 

Electronic  Controller Assembly: 

In t e rna l : .  212.F 

Bxteral:  1BO.F 

Sphere Actuation Arrembly: 400oF 
The minimum sensor operating temperature I 8  -40.F. 
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4.1142 Sphere Cooling System C h a r a c t e r i s t i c s  

The c i r c u i t  and r e l a y  which cont ro l  t h e  sphere LN2 valve a r e  

designed t o  open the  valve when t h e  sphere sensing the rmis to r  

temperature rises to 112.F. Varia t ions  of & 4 V.D.C. i n  t h e  

28 V.D.C. supply and variatfoiis of -65 + 212 OF i n  t h e  internal  

t empera tu re  of the Elec t ron ic  Con t ro l l e r  r e f l e c t  a k 60F 

v a r i a t i o n  i n  this sphere LW2 valve ope ra t ing  s e t  po in t .  

valve c l o s e s  when t h e  sphere sensing the rmis to r  temperature 

drops 6 t 4 e F  below the operat ing poin t .  

The 

The sphere LN2 valve i s  spring loaded closed and opens when 

e l e c t r i c a l l y  energized. 

temperature  and 28 V.D.C. f o r  1.25 amperes maximum cur ren t .  

The valve solenoid is r a t e d  a t  room 

4.11.3 Cone Cooling Svatem C h a r a c t e r i s t i c s  

The circuit and r e l a y  which cont ro l  t h e  cone LlQ2 valve are 

designed t o  open the  valve when t h e  cone sens ing  t h e r m i s t o r  

temperature rises t o  117oP. 

vo l t age  and v a r i a t i o n s  i n  t h e  i n t e r n a l  temperature of t h e  

E l e c t r o n i c  Con t ro l l e r  r e f l e c t  a k l O o F  v a r i a t i o n  i n  t h i s  

opera t ing  s e t  po in t .  

t he rmis to r  temperature drops 6 k 4 OF below t h e  opera t ing  

Var i a t ions  i n  t h e  D.C. supply 

The valve .c loses  when t h e  cone sensing 

point. 

The cone LEI2 valve is I d e n t i c a l  t o  t h e  sphere LBI2 valve. 
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4.11.4 Blowdown O m r a t i n g  Character is t ic8 

The nominal operat ing set po in t s  of t h e  blowdown thermoswitch are: 

Switch closes:  + l5.F 

Switch opens: - 150F 

4 
5 . Special  Aasemblj Inatruct iona 

The following information l a  included t o  provide a 8-ry of the 

ad juatment procedures required during t h e  normal assembly of the  

Sensor. 

should not be attempted; these should be returned t o  the  manu- 

f a c t u r e r  f o r  any r e p a i r  needed. 

Adjustments o r  service of Sensor commercial components 

5.1 Polarit lr  and l u l l  Alinnaaent of the B Srnchro T r a n s a i t t s r  
I 

(Reference Drawinn 5 212143) 

Cement the artator of t h e  f3 synchro using P la s t i l ock  #605 (B.  F. 
Goodrich Co.) t o  t h e  p Actuator Yoke P/N 5212141, i n  a pos i t ion  

such t h a t  t h e  a t a t o r  lead wires emerge approximately as  shown i n  

Figure 18. 
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Assemble t h e  f3 Synchro S h a f t  P / I  5212152, t h e  /3 Synchro Stub Shaf t  

P/N 4212145, and t h e  p Actuator S h a f t  P/N 4212146 with t h e i r  support 

bear ings  t o  t h e  Actuator Yoke. I n s e r t  t h e  alignment p i n  between 

t h o  

assembled pyoke i n  t h e  Sphere Assembly P/!J 5212132 and assemble! 

t h e  Sphere Cap P / I  5212132-11 and r e t a i n i n g  ring P/V 5102-25OW. 

Place t h e  aynchro r o t o r  on t h e  Synchro Stub S h a f t  such t h a t  t h e  

rotor leads a r e  brought ou t  toward t h e  i n t e r i o r  of the yoke. 

Ligh t ly  secure t h e  r o t o r  t o  the s h a f t  with a #6-32 machine screw. 

Synchro Stub S h a f t  and the p Synchro Shaf t .  I n s t a l l  the 

- 

Mount t h e  Sphere Assembly on a s u i t a b l e  holding f i x t u r e  and a d j u s t  

t h e  sphere such that the two 6 o r i f i c e s  are e q u i d i s t a n t  f rom a 

f l a t  h o r i z o n t a l  r e fe rence  surface.  

such t h a t  a height  gage Ind ica t e s  t h e  a f t  ground f a c e  of t h e  

t o  be l a t e r a l l y  p a r a l l e l  t o  t h e  f l a t  h o r i z o n t a l  re fe rence  a u r f a ~ e ~  

Rotate  and clamp t h e  g yoke 
yoke 

The 6 position of t h e  yoke is now a t  mechanical zero wi th  r e spec t  

t o  t h e  sphere p o r i f i c e s .  

A schematic of t h e  synchro connected f o r  e l e c t r i c a l  p o l a r i t y  and 

n u l l  alignment is shown i n  Figure 19. ,' 
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With t h e  r o t o r  exci ted with a 26V, 400 cycle/sec: source and w i t h  

the  synchro connected a0 shown i n  Figure 19, rotatm t h e  r o t o r  on 

the p s tub  &haft t o  a posi t ion 8uch t h a t  V i  reads approxlaately 

a n u l l  and V2 r m d a  a p p m x l u t e l y  17 VRlB. This i s  t h e  cor rec t  

n u l l  of t h e  synchro. 

r o t a t e  t h e  synchro r o t o r  180. ori the  

If V i  reads a nul l  btit V2 reads 4.0 Vm, 

stub 8haft0* k 
With t h e  correct  n u l l  located,  disconnect Vz and ad jus t  t he  r o t o r  

about the correct n u l h m t l l  a voltage of' 30 NV or less I s  read on 

Vi. 
mrew. 

Lock the  r o t o r  t o  t h e  shaft by t igh ten ing  t h e  #6-32 machine 

With t h e  synchro r o t o r  secured remove the  p s tub  6haft from the 

p yoke and d r i l l  and I n a t a l l  t he  Ot7-025-mK S p i r o l  p in  between 

the  shaft and the  ayaahro rotor.  

Reassemble t he  p s tub  shaft i n  the g yoke. 
measure within 1.0 degree8 of 

The 8ynchro n u l l  must 

mechanical 8erOo P 
The r e s u l t i n g  p o l a r i t y  gives S i  with respect  t o  S3 I n  phase wi th  

R1 f o r  - g  , i.e., f r o n t  of the  sphere displaced l e f t  looking 

f oxward . 

* The correct  n u l l  MY also be stated by d e f i n i r y  31 and 93 in 
phase with R1. 

T 
- 
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. Wi,h t h e  p t ransmi t te r  ,onnected t o  a proper rocelver ,  and with 

B 1  of both ro tors  exci ted w i t h  l i k e  phase, the p o l a r i t y  is as 

s t a t ed  i n  Sect ion 4.2. 

3 P o l a r i t y  =si. APfg-azt tf the Syn&r~  Transutter 

(Ref erence Drawinn 5212142) : 

Cement t h e  s ta tor  of the o( synchro using P la s t i l ock  #605 (B.  F. 

Qoodrich Co.) t o  t h e  O( Sfichro Housing P/H 5212153 such t h a t  the 

stator  lead  wires pa8s.thraagh the  .09 diameter ho)e provided. 

Assemble the  o< Actuator Shaft  P/BI 4212137, t h e  RSynchro Rotor 

Shaft  P / I  4212218, t he  6 Actuator Yoke P / I  5212144, and t h e  Synchro 

Housing P/H 5212153 t o  t h e  XActuator  Houaing Assembly P/H 4214958. 

Assemble the KQynchro Housing such that the  Synchro S t a t o r  lead 

wires emerge as shown i n  Figure 20. 

I I 

I n s t a l l  the %synchro Rotor t o  t h e  oc Synchro Rotor shaft as ahown 

on drawing 5212143 and bring the r o t o r  lead wires t o  t h e  outs ide 

by s l ipp ing  them through t h e  string t i e  on t h e  rotor. Lightly 
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-R 

secure the  r o t o r  t o  the  r o t o r  sha f t  w i th  a #6-32 machine screw. r 
Mount t h e  KActua to r  Housing v e r t i c a l l y  t o  a f l a t  horizontal  surface 

and r o t a t e  and clamp the  RActuator  Shaft  and 

of + ijo i n  K,  i . e . ,  with the f r o n t  of t he  

The 

t o  t he  KActua tor  Housing 

yoke t o  a pos i t ion  

yoke displaced down. 

Actustnr Shaft is ??ow et 8 position ef + 15. withTe5"rct 
n 

I Locate and n u l l  t h e  e l e c t r i c a l  zero of the  O( synchro i d e n t i c a l  t o  

t he  'procedure used f o r  t he  g synchro, Sect ion 5.1. 

synchro r o t o r  t o  t h e  sha f t  wi th  t h e  #6-32 machine screw. 

D r i l l  and i n s t a l l  t h e  047-025-MCK Spi ro l  pin between the  sha f t  

wd t he  synchro rotor .  The final check of t h e  synchro n u l l  must 

measure mechanically within 1.0 degrees of + 150 i n  CX . 
The r e su l t i ng  po la r i ty  gives S 1  with respect  t o  S3 i n  phase w i t h  

R1 f o r  

Lock t he  .It 

I 
z 
I 

t 

:*:2 

- o(, i.e., f r o n t  of the  aphere displaced up. 

With t h e  K t r a n s m l t t e r  connec$ed t o  a proper receiver ,  and with 

R1 o f  both r o t o r s  exci ted w i t h  l i k e  phase, t h e  po la r i ty  is as s t a t ed  

i n  Sect ion 4.2. 

5.3 Assembly Ad.iustments of the Gain ChanptinE Servo Assemblx 

(Reference Drawinn 4 212179) 
E 
1 ' 5.3.1 Slip Clutch Adlustme nt 

Assemble t h e  gear head t o  t h e  servo motor and a t t a c h  the  gear  and 

s l i p  c lu tch  assembly t o  t h e  gear head output 8haft. E Connect t h e  

servo motor t e s t  c i r c u i t r y  a8 shown in Figure 21. * 3 
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With 26 V A . C .  applied t o  the  f i x e d  f i e l d  of  t h e  motor, apply a 

v a r i a b l e  vol tage  at 90" phase lead t o  t h e  c o n t r o l  field. 

the gear f i rmly  such t h a t  it does not  rotate w i t h  r e s p e c t  t o  the 

motor housing, 

t h e  c l u t c h  j u s t  s l i p s ,  i.e., u n t i l  t h e  motor j u s t  breaks out  of 

s ta l l .  

voltage, V i  on Figore 21, between 10 and 15 V A.C. is  requi red  

t o  i n i t i a t e  s l ippage ,  Reverse t h e  leads t o  the fixed f i e l d  t o  

reverse the d i r e c t i o n  of motor ro ta t ion  and retest. 

Hold 

Gradually increase  t h e  c o n t r o l  f i e l d  vol tage  u n t i l  

The s l i p  clutch should be adjus ted  u n t i l  a c o n t r o l  f i e l d  
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5.3.2 Potentiomter Alimw at 

A gain setting equivalent t o  a dynamic pressure of 1250 p . s . f .  

(potentiometer voltage ratio of 0 .12/10~00)  i 8  chosen as the set 

point for the potentiometer a l ignwnt .  

I n s t a l l  the drive parr on the potmt lars ter  shafts, 

ing the potentiometers i a  the gain changing Servo Housing and \Iring 

' the test c i rcu i t  shown i n  Figure 22, a l i g n  each of the four potentio- 

Before insta l l -  

meter shaf t s  to  a voltage ratio (VR)  of 0.12/10.00. 

c l o s e s t  t o  the  shaft  (CW) i s  considered as ground o r  0.00/10.00 VR 

The terminal  

and the terminal opposite (CCW) i s  conridered as 10.00/10.00 VB, J 

P +'O To =O tIDC 
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I n a t a l l  t h e  8ervo motor and gear head t o  t h e  frame using t h e  f o u r  

hold down 8crews and clamps. I n s t a l l  one potent iometer  a t  a time 

with t h e  potent iometer  tenninals l oca t ed  approximately as shown on 

Figure 23. 

As each potent iometer  p in ion  is meshed wi th  t h e  servo motor d r i v e  

gear ,  t h e  i n i t i a l  potentiometer s e t t i n g  of 0.12/10.00 VR should be 

d i s tu rbed  as l i t t l e  as  possible.  

i n s t a l l e d  and l i g h t l y  secured wi th  t h e  hold down acrewg and clamps, 

With a l l  f o u r  potent iometers  

a l i g h t l y  loosen one potentiometer a t  a t i m e  and r o t a t e  t h e  poten t io-  

meter housing u n t i l  i t s  setting is exactly 0.12/10.00 VR. Repeat 

. t h i s  procedure u n t i l  all potentiometers s imultaneously read exactly 

0.12/10.00 VR. Safety wire all hold down mrewa. 
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I 

5.4 Electronig Circuit Balance Adjust- 

The following e l e a t r i c a l  balance adjustment8 a ra  made dur ing  t h e  

i n i t i a l  w i r i n g  and arrso~bly of t h e  8easor. 

normal warmup of the  c i r o a l t  prior t o  Wing t he  adjustment. 

I 
Ulow a 15 minute 

504.1 o( an d B Circ uit Board B a l  a c  n e t u  4 - (Beforonce 

Drawims 5212170 8nd h2121m - 

\ 

1. Potbntlbmeter Ut This  potentiometer ad jus t s  t he  D.C.  

opera t iw  l eve l  of tho  A.C. amplifier. With the  amplif ier  

input grounded, t e m l n a l  1 on t h e  OC-p boards, adjust  t he  

potentiometer, R4, u n t i l  a aero D.C. voltage is measured 

a t  the r r p l i f i o r  output tes t  point, terminal 3 on the  0c-p 

boards. 

2. Potentiometer R21.t ?hi8 potentiometer ad jur t s  the null 

balance of t h e  D . C .  Integrating amplifier. 

t e a t  point of the  outer loop demodulator grounded, terminal  

20 an the  o(- 8 boards, adjust  potentiometer, R 2 1 ,  u n t i l  aero 

D.C. voltage is  measured a t  t h e  output t e a t  point of the 

integrator ,  t e r r l n a l  7 on t h e x - p  boards. 

time f o r  the  long dpration t rans ien t  of the  ampLifier t o  

s e t t l e  out. 

With the  input 

Allow su f f i c i en t  

3. Potentiometer R48: This1 potentiometer ad jus t s  null 

balance of the  8ervo valve DOC.  amplifier. With both the 

amplifier Input teat  point and the  in tegra tor  output t e s t  

point gmundod,, t e r r i n a l s  7 and 10 on the o(-g boards, 
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a d j u s t  potentiometer R48 u n t i l  zero D.C. vo l t age  is 

measured a t  the valve a m p l i f i e r  output  t e s t  po in t ,  

t e rmina l  11, on the & - p  boards. 
motor must be connected t o  t h e  a m p l i f i e r  ou tput  

- 

The va lve  to rque  

duririg t h i s  adjust=ent . 
4. Capaci tor  C 9 :  This  trimmer c a p a c i t o r  serves as t h e  

f i n a l  f i n e  capaci tance balance for t h e  OC and p AP 
t r ansduce r  bridge c i r c u i t s  . 
assembled, it is  a c c s r s i b l e  through t h e  a f t  cover of 

the  E lec t ron ic  Cont ro l le r  Aaaembly (see Figure  1). 

Vi th  zero d i f f e r e n t i a l  p ressure  acroso  e i t h e r  t h e  

With t h e  Sensor  completely 

04 orp AP t ransducer  and wi th  t h e  g a i n  changing 

servo adjuated t o  a setting equiva len t  t o  a dynamic 

pressure  of 1 5  p.s.f., a d j u s t  t h e  trimer c a p a c i t o r  

C9 u n t i l  a zero A.C. vol tage  is measured a t  t h e  out- 

put of the A.C. amplifier, t e rmina l  3 on the  s-@ 
boards . 

I’ 

This adjustment should be used only t o  balance t h e  

p o r t i o n  of t h e  servo loop stated above and n o t  t o  

compensate for o f f s e t  I n  t h e  D.C. downstream com- 

ponents of t h e  loop. 

5.4.2 a Commnsation , C i r c u i t  Bo ard Balance Ad-lust ment s n (Reference D r a w i n n s  5 212207 and 5212197) 

-58- NORT 60-46 



A D I V I S I O N  O F  
N O m T X R O N I a e  N O R T H R O P  C O R P O R A T I O N  

I. Potentiometer RlO8: This potentiometer ad jus t8  t h e  D.C. 

operat ing level of the ga in  changing servo A.C. amplifier. 

With the amplifier input grounded, terminal 1 5  on t h e  q 

compensator board, and with t h e  wiper of potentiometer 

R l 2 9  grounded, adjust  potentiometer R108 u n t i l  a aero 
t. 

.I 

D , C ,  VOltsgU I0'SLeasUr8d a t  t h e  aqdif fer  3 U t Z j U t ,  i*8*, 

a t  t h e  c o l l e t o r  of the 456 output t r a n s i s t o r .  

2. Potentiometer B129: This potentiometer adju8ts  t h e  

reference input  voltage t o  t h e  gain changing servo. 

gain sett ing equivalent t o  a dynamic pressure of 1250 

A 

p.8.f. I s  chosen a8 the sob point  f o r  t h i s  adjustment. 

This set  point  corresponds t o  a gain changing aervo 

potentiometer voltage r a t i o  of O.12/10.00 ( see Sect ion 

5.3.2 fo r  t h e  de f in i t i on  of 0.12/10.00 VR). 

Connect the  gain changing servo readout t e s t  potentiometer 

as shown i n  the t e a t  c i r c u i t  of Figure 22. Pressuriee  the 

gain compensating AP t ransducer  t o  a pressure equivalent 

t o  an  a c t u a l  dynamic pressure of 1250 p,s.f. (1000 p.8.f. 

gage a t  t h e  Sensor to ta l  pressure p o r t ) ,  

reference potentiomator, R129, u n t i l  t h e  gain changing 

servo automatical ly  .drives t h e  t es t  readout potentiometer 

t o  a voltage ratio of 0.12/10.00. 

AdJust t h e  

I ,  
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6 .  Sensor Parts L i s t  

The fol lowing sensor  p a r t s  l ist  i s  included f o r  r e fe rence  and 

i d e n t i f i c a t i o n  

6 . 1 hiA-& -..-: - - \ - - J  
A V U A  b A U L l A G a  raoricatsd Par t s  

Part Dwg. No. Momanclature 
5212138 Sensor Assembly - NASA Flow-Direction 

5212143 Actuation Assembly - Sphere 

5212154 

4213797 

4212161 

5214958 

4212134 

4212135 . 

4212136 

4121237 

4212139 

4212140 

5212160 

5212144 

4212145 

4212146 

4212147 

Manifold Assembly - Hydraulic 

Housing - Hydraulic F i l t e r  

F i t t i n g  - Hydraulic Return 

Housing Assembly - O( Actuator  

Cap -&Actuator  

Pis ton - 6 Tooth %Actua to r  

P is ton  - 5 Tooth 4 Actuator 

Shaft Assembly - % A c t u a t o r  

Plug - OC Actuator  

Plate - ocActuator  

Shield Assembly - Radiat ion 

Yoke Assembly - p Actuator  

Plate - Actuator  

Shaft  - p Actuator  

P is ton  - 6 Tooth g Actuator  
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Part Dwsr. No. 

j 2 1 2 U 3  (cont  'd) 

4212148 

4212149 

4212150 

4212151 

5212152 

5212153 

. 5212155 

5212156 

5212157 

5212158 

4212159 

4214959 

4212162 

1212225 

4212218 

4212220 

3212132 

4213789 

4213792 

4213788 

4212165 

Womenclaturq 

Actuation Assembly - Sphere 

Pfston - 5 Tooth p Actuator 

Plug - PActua to r  

I 

Shgf'S - S + _ Q ~  A _Svnnh-nh r J-'Y"A" 

Bracket - Servo Valve E l e c t r i c a l  Connector 

S h a f t  - (3Synchro 

Housing - h( Synchro 

Manifold Assembly - Llf2 D i s t r ibu t ion  

Stop Assembly - K a n d p  Actuator 

Mount - R S t o p  

Shim S e t  - (3 Synchro Sha f t  ando(Actuator 
Shaf t  Bearings 

Spacer Se t  - PSynchro Shaf t  Bearings 

Probe Assembly - Sphere Thermistor 

Insu la to r  - LN2 Line Thermal 

Shield - Wire Abrasion 3 

Shaf t  - KSynchro Rotor 

Bracket - Radiat ion Shield Mounting 

Sphere Assembly - NASA Sensor 

F i t t i n g  - Angle Or i f ice  Tube End 

F i t t i n g  - P i t o t  O r i f i c e  Tube End 

Plate - Ori f i ce  Tube 

-61- NORT 60-46 

N O ~ T I O I I C ~  F o a m  7 1 1 1 . 2 . 6 0 '  



A D I V I S I O N  O F  

N O R T H R O P  C O R P O R A T I O N  N O R T R O N I C B  

P a r t . h g .  NO. 

5212142 (cont 'd)  

4212191 

4212165-7 

4212165-9 

4212165-il 

4212165-27 

4213798 

j 2 1 2 1 7 1  

4212175 

5212170 

lomenclature 

Actuation Assembly - Sphere 

F i t t i n g  Aasembly - Orif ice  Hose A f t  

Clamp - P i t o t  O r i f i c e  Hose 

Clamp - Error O r i f i c e  Hose 

Ring - P i t o t  Orifice Hose Clamp 

R i n g  - Error O r i f i c e  Hose Clamp 

Cap - Hydraulic F i l t e r  

Cont ro l le r  Aaaembly - Elec t ron ic  

C i rcu i t  Board Assembly - o( and p 
C i r c u i t  Schematic - *and 19 

5212172 ( 2  s h e e t s )  C i r c u i t  Board - &and p Fabr i ca t ion  

5212173 

5212174 

C i r c u i t  Master -&and p Front  (no dwg,) 

Circu i t  Master - Nand Q Rear (no  dwg. ) 

Manifold Assembly - Pneumatic Forward 

Bracket - LN2 Valve Mounting 

Manifold Assembly - Pneumatic A f t  

5212180 

4214955 

5212181 

5212182 

1212186 

4212185 

Housing Assembly - E l e c t r o n i c  Con t ro l l e r  

Adapter - Elec t ron ic  C o n t r o l l e r  E l e c t r i c a l  
Connect or 

Gasket - E l e c t r o n i c  C o n t r o l l e r  E l e c t r i c a l  
Connector 

k212179 Servo Assembly - q Compensator 
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Part DWR. NO. lomenclature 

5212171 (cont 'd) Con t ro l l e r  Assembly - E l e c t r o n i c  

4212177 Motor Assembly - q Compensator 

3212197 

Potentiometer Assembly - q Compensator 
I 

H c i u s i q  Bsaembly - q CaEiiperis&t#tr 

C i r c u i t  Board Assembly - q Compensator 

4212207 C i r c u i t  Schematic - q Compensator, F a i l  
Warning, and Temperature Control 

4212190 ( 2  shee t s )  Circuit Board - q Compensator Fabr i ca t ion  

5212198 

5212199 

Circuit Master - q Compensator Front  
(no dwg.) 

Circu i t  Master - q Compensator Rear 
(no dwg.) 

4212214 I n s u l a t o r  - C i r c u i t  Board E l e c t r i c a l  

4212222 Shie ld  - E l e c t r o s t a t i c  

4213793 ( 2  s h e e t s )  C i r c u i t  Board Assembly - F a i l  Warning 
and Temperature Control 

5213923 ( 2  sheets) C i r c u i t  Board - F a i l  Warning and Temp- 
erature Control  F a b r i c a t i o n  

5213921 

5213922 

C i r c u i t  Waster - F a i l  Warning and Temp- 
e r a t u r e  Control  Front  (no  dug.) 

Circuit  Master - F a i l  Warning and Temp- 
erature Control  Rear (no dwg. ) 

4212211 Spacer-Circuit Board ( - 3 ,  -5, -9, -11, -13) 

4213783 

5212200 Skin Assembly - Cone 

Lip Assembly - Cone Front 

4212216 Ring - A f t  Bulkhead Seal 
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Part DUE. No. Nomenclature 

l 

t 
8 
8 
t 

I 

1 
I 

4212217 

5212202 

3212192 
C C ) ~  c)c)ni 
~LLlc&.vJ. 

4214957-1 

5212192 

5212203 

4214956 

5212196 

5212194 

4212205 

4212210 

4212213 

4214950 

4213919 

- 4213920 

4213918 

4214951 

4214953 

4214952 

42149 5 7-3 

4214960 

I 

Gasket - A f t  Bulkhead S e a l  Ring I 

Heat Exchanger Assembly - Inner  

Heat Exchanger Assembly Y h t e r  
~ 

F c n ,  = Meat U c h a 2 g e r  Tube 
I 

Coupling - LN2 I n l e t ,  Exchanger Half 

Skin - Outer Heat Exchanger 

Bulkhead Assembly - Rear 

Tube Assembly - Tota l  Pressure 

I n s u l a t o r  Assembly - Rear Bulkhead 

Clamp - Cone Temperature Probe 

Bracket - Cone E l e c t r i c a l  Connector 

Gasket - Total  Pressure  Tube 

I n s u l a t o r  Assembly - Hydraulic Manifold 
Thermal 

F i l t e r  Assembly - LN2 

Probe Assembly - Cone Temperature 

Probe Assembly - Cone Thermistor 

Housing - Cone Temperature Probe 

Plate - Sphere E l e c t r i c a l  Connector Clamp 

I 

Bracket - Sphere E l e c t r i c a l  Connector 
Mounting 

Spacer - Sphere E l e c t r i c a l  Connector 

Tube Ass'p-Cone LN2 I n l e t  

Bracket - Blowdown Switch Mounting 
$ 
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Part Dwa. lo. Nownclat  u re  
~ 

4214954 

5212188 

4212219 

4213781 

4213785 

4213784 

5212223 

5213924 

Pin-Pitot  3/8 Tube Coupling 

I n s u l a t i o n  - Cone 

Pin - U2 Coupling Alignment 

Ring - Sphere Seal 

Spring - Sphere Seal 

Cable Assembly - Sensor E l e c t r i c a l  

Schematic - Sensor  Wiring 

Bxteral Configurat ion - HASA Flow- 
Direc t ion  Sensor 

02580001 Sensor System Analyzer 

02580003 

02580004 

E lec t ron ic  Module Test Unit 

Sensor E l e c t r i c a l  C a l i b r a t i o n  Unit 

6 * 2  Sensor Conerci a1 Part& 

6.2.1 

Par t  # o m e n c ~ a t ~ r ~  P a r t d S e n s o r  Vendor P/N Vendor 

E l e c t r o n i c  Con t ro l l e r  Assembly ( l o r t r o n i c s  P/# 5212171) : 

o( o r p  AP Transducer 2 Type 2442 Trans-Sonics, Inc . 
q .  Compensation AP 
Transducer 1 Type 2443 Trans-Sonics, Inc. 

Power Transformer (T-51) 1 #E10999 E lec t ro -  Eng. Works 

A P Transducer .Excita- 
t i o n  Transformer (T-52) 1 #1572 Trans-Sonice, Inc. 

Electrical Connector (P1 plug) 1 PT07-P-14- S c i n t i l l a  Div., 
19P Bendix Ava., Inc. 

Elec tr i ca l  Connsctor (P-2 plug) 1 PT07-P-14- S c i n t i l l a  Div., 
19PW Bendix A m . ,  Inc. 

-65- 
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6 ? 2 , 1  E lec t ron ic  Con t ro l l e r  Assembly (Nor t ronics  P/N 52121711: 

, P a r t  Nomenclature Parts/Sensor Vendor P/N Vendor 

Cover S e a l  (O-ring) 1 AN6230-37 S t d ,  P a r t  

Pneumatic S e a l s  (O-rings) 5 l e 2 9  513-12 
COW-363-70 Parco 

LN2 Valve 2 l’lC530 Crocker Mfg. Co. 
L J o L e . L a l .  L ‘1 7 3 q - m,,, uvuvensatfon Servo Assembly ( N o f i r o n i c s  PIE 4212173): 
P a r t  Nomenclature 

Servo Motor 

Part s /S ensor  Vendor P /N Vendor 

1 8SM420-9 Hel ipot  Div. 
Beckman I n s t o  I n c u  

Servo Motor Gear Head 1 88375-12-120 Exact Engo & Mfgo 
S i z e  8-ET7- Co. 
0497 

Gear and S l i p  Clutch 

Pinion 

P o t  ent iomet e r  

1 PfSC 650-138/ Dynamic Gear Coo 
1 2 5  

4 656-725 Dyyamic Gear Co, 

4 500-716 S p c c t r o l  

6 . ~ ~ 1 ~ 2  

Part  Nomenclature Parts/Sensor Vendor P/N Vendor 

Tube Shie ld  ( 1 1 T-3 421L B i r t  cher  

Relay (Cone o r  Sphere LNz 
Valve) 3S2791C 2000s General E l e c t r i c  

a Comnen3ation C i r c u i t  Board Assembly (Nor t ronics  P/N 5212197r: 

-9 
Transformer (T-53) 

Choke (EC-250) 

T r a n s i s t o r  ( 4-57, Q-58) 

T r a n s i s t o r  (4-56) 

2 

1 

-66- 

DOT-20 United Transformer 
coo I 

T r iad  

Texas I n s t ,  

Texas I n s t ?  

I 
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6.2,1.2 a Compensation Circuit Board Assembly (Nor t ronics  P/N 5212197): 

(Cont'd) 

P a r t  Nomenclature 

Trans i s to r  (Q-55) 

Transistor (Q-54) 

T r n f i s i ~ t ~ r  (Q-51 ,Q-52 ,Q-53 1 
C r y s t a l  Diode ( C R - 6 0 )  

C r y s t a l  Diode (CR-59) 

Potent iometer  (R-108) 

Crystal Diode (CR-51. CR-52. 
C R L 5  3, CR-54 CR-55, -CR-56, - 
CR-5 7 ,  CR-SS! 

P o t  ent i omet er ( R-124 ) 

R e s i s t o r  (R-137) 

R e s i s t o r  (R-136) 

R e s i s t o r  (R-135)  

Resistor (R-132,  R-134) 

R e s i s t o r  ( R - 1 3 1 ,  R-133) 

R e s i s t o r  (R-128, R-130) 

R e s i s t o r  (R-126, R-127) 

R e s i s t o r  (R-122,  R-123) 

R e s i s t o r  (R-116) 

Parts/Sensor Vendor P/W Vendor 

1 

i 

? , 

1 

1 

1 

8 

1 

1. 

1. 

1 

2 

2 

2 

2 

2 

1 

-67- 

2N335 Texas I n s t .  

2x3 29 Raytheon 

SV808 T r a n s i t r o n  

sv5 Trans i t ron  

301-00 20K Daystrom P a c i f i c  

1N679 T r a n s i t  ron 

301-00 200 Ohm Daystrom P a c i f i c  

CB 1K 5% Allen Bradley 
1/4 wat t  

CB 1 Meg Allen Bradley 
55 1/4 watt 

EB 51 ohm Allen Bradley 
5% 1 / 2  watt 

RN 60B 59.0 K Key R e s i s t o r  Corp. 
1% 1/4 watt  

EB 4.7 Mcg Allen Bradley I 
5% 1 1 2  watt 

771-1 150K 1% Ohmita 

~ 

771-1 705K 1% O M t e  

GB 2,2K 5% Allen  Bradley 
1 watt I 

OB 3p9K 5% Allen Bradley I 

1 watt I 

I 
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A 3 V I S ' O N  O F  

N O R T R O N I C B  N O R T H F 7 0 P  C O R P O H A ' l O " 1  

6 . 2 .1 ,2  (7 Compensation Circu i t  Board Assembly :NortrorLcs ---- P/N 5212197.) E; 

(cent Cd) 

Part Nomenclature 

Resistor ( R - 1 1 5 ,  R-117) 

Parts /Scnsor  

2 

R cs i  stor ( R-110 ! 

Resis tor  {R-106, R-109) 

R e s i s t o r  ( R - 1 1 3 ,  R-112, 

R e s i s t o r  (R-102) 

3.-114 R-104) 

I i c s i s to r  (R-101) 

Capaci tor  ( C - 5 9 ,  C-60) 

Capac i tor  (c-57, C-58) 

Capaci tor  (C-55, C-56) 

Capac i to r  ( C - 5 4 !  

Capaci tor  (C-53) 

Capaci tor  ((2-52) 

3 

4 

1 

1 

2 

2 

2 

1 

1 

1 
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Vendor P/N 

CB 100 ohm 
;$ 1;; watt 

CB 82K 5% 114 
watt  

CB LOOK 5% 
314 watt 

RM GOB 4qC9K 
1% I/: watt 

CB 1 G K  5% 
114 watt 

FiN 65 2 meg 
1% 112 watt 

Vendor 

Allen Bradlev 

A l l e n  Bradley 

ALlen Bradley 

kI?err_ Bradley 

Key RcsisLor 
Corp 

RN 70 g076  meg Key Resistor 
1% 1 ustc Corp, 

RQL2-IM D W D ,  Astron 
200v 

29F905 Group 3 General El.ect.ric 
180 MFD, 30v 

337Y474J ,17 Gudeanan 
MFD, 1-50~ 

29F910 G ~ o u p  3 General Electric 
30 MFD 30v 

150D475 x 003- Texas Insto or 
SB2 l+ MFD 3Tv Sarague 

ChQ-5 22 ' T3 A P C O  Elmenco 
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6.2,1.3 o( and C i r c u i t  Board Ass'emblv (Nor t ron ic s  F/N 4212i75L 
1 

Two Required per  Sensor 

P a r t  Nomenclature 

R e s i s t o r  (R-58) 

R e s i s t a r  (R-56) 

P a r t  s/S ensor Vendor P/N 

2 69B 581K l% Key R e s i s t o r  

2 HB 2.7K 5% Allen Eradlep 

Cwp.  I / I .  l.l3++ 
A, y ..U"" 

2 watt  

GB 10K 1 wat t  Allen B r a d l e y  

GB 3"9K 1 watt A l l e n  Bradiey 

R e s i s t o r  ( I?-3 3 2 

R e s i s t o r  (R-12) 2 

R e s i s t c r  (R-29) 

R e s i s t o r  (R-59) 

R e s i s t o r  (R-46) 

R e s i s t o r  (R-32) 

R e s i s t o r  (R-28) 

R e s i s t o r  (R-30)  

2 EB 10 ohm 1/2 Alien Bradley 
wat t  

2 CB 5iOK 1/4 Allen Bradley 
wat t  

2 CB 2 M 1/1, Aller, Brad ley  

2 CB 1K 1./4 Alleri A r s d i e y  

2 CB 1 5 K  i / 4  Ay-len BTadley 

watt 

wat t  

wat t  

2 CB 2K 1/4 A l l e n  aradiey 
watt 

R e s i s t o r  ( R - l 1 9  R - 5 5 )  4 CB 200 ohm Allen i3ra,Aley 
1./4 watt  

R e s i s t o r  (R-26, R-51, R - 8 )  6 C B  20K i/k Allen B r a d l e y  
wat t  

R e s i s t o r  (R-54 ,  R-52 R-31) 
R-27,  R-9, R-7, R-60j 

R e s i s t o r  (R-6, R-50) 

1L CB 10K 1!4 Allen Fr -ad iey  
watt 

4 CB lOOK 1,'4 All-en Bra2iiey 
watt 

6 CB 82K i/& A l l e n  Bradley R e s i s t o r  ( R - 5 ,  R-49, R-25) 
watt 



EXPERl M ENTAL TEST PERFORMANCE 83 

10-6 

- 
L 

8 
I 
I 

W a 2 10.’ 
rn 
W a 
L 

IO-‘ 

FIG. 36. TEST CURVES OBTAINED BY PUMP-DOWN METHOD 

1 2 3 4 5 6 7 
TIME (hours) 

E. OTHER EXPERIMENTAL FINDINGS 
The difference between pressure readings obtained from the Bayard-Alpert gauge and by reading pump 

current drain was an object of some concern. When the Bayard-Alpert gauge had been recently outgassed, 
there was close agreement between the gauge and the pump. Within a few days following gauge outgassing, 
however, there was a great disparity between pump and gauge readings; this disagreement rose to a factor ot 
1 O : l  within several days. The conductance of the tube between the gauge and the test chamber is  high enough 
(15 I./sec.) that the error introduced by the tube is less than 5%; correction was made for the conductance 
through the port between the test chamber and the ionization pump in these calculations. Since it i s  known 
that Bayard-Alpert performance characteristics do change with prolonged operation, it was assumed that the 
readings obtained from the pump were the more reliable. 

It was interesting to note through the course of this work that outgassing from the ce!ls themse!ves did 
not seem to be as severe a problem as we had anticipated, although outgassing effects from the ionization 
pump were an important factor, particularly when testing by the rate-of-rise method. As has been discussed 
previously, there was no discernible difference in the performance of test cells that had been purged with 
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nitric acid and then merely rinsed in acetone, as opposed to those which were cleansed in a carbonate-silicate 
solution which is  believed throughout the industry to do a very thorough job of cleansing test articles of this 
nature. Furthermore, toward the latter days of the program, projection-welded cells became available and 
were tested. These cells have a deep crevice in the seal area, between the edge of the cover and the flange 
of the can. We had originally feared that this crevice might be difficult to clean, and that outgassing from it 
might be a grave problem. This, however, proved not to be the case. 

During the course of the program, a few cells containing our present commercial nylon gasket seal were 
tested. The better of these cells had leak rates in the neighborhood of atm. cc/sec., or lower. This is  very 
close to the IOd atm. cdsec. that many space agencies accept as being satisfactory for space use. 

V. CONCLUSIONS -AREAS FOR FUTURE STUDY 
A high vacuum method of testing cell seals has been developed which makes it possible to perform 

tests with a dynamic system, without requiring that the evacuated chamber be sealed off. The method i s  
sensitive enough to detect leaks in the order of IO4 atm. cc/sec. I t  is faster than other known methods of 
vacuum testing. Leaks of 5 X atm. cdsec. can be detected within 4 hours. Testing to a sensitivity of 
5 X IO" atm. cc/sec. requires 10 to 1 2  hours; within 30 to 40 hours, a sensitivity of 2 X IO-" atm. cdsec. can 
be obtained. In applications where test sensitivity of 1 X IOd atm. cc/sec. i s  satisfactory, a complete test can 
be performed within 2 hours. 

This method, which we have called the pump-down method, involves recording of system pressure by 
reading the current drawn by an ionization pump. The pressure of the system containing a test cell i s  
recorded as the chamber is  being pumped down. Comparing the slope of this pump-down curve, and the 
height of the base pressure that i s  obtained, with the standard curve of the empty system will reveal the 
extent of the leakage from the cell. 

The time required per test could, of course, be reduced considerably by using a multiple-article test 
method. This would involve placing several cells (4, for example) in the test chamber. I f  a leak i s  detected, 
one of this lot of cells would be placed in the chamber together with the next group of three cells; i f  no 
leak is  detected on this test, all 4 cells, including the one from the initial lot, are known to be good, and a 
second cell from the initial lot can be placed ir, the test chamber together with another group of 3. If, how- 
ever, a leak is detected on the second test, one of the second group of three cells i s  separated from the lot 
and placed in the chamber with the third group of three. This process of separation and sequential testing 
can be continued indefinitely, and makes it possible to test a relatively large number of cells within a short 
period of time. 

The elevated base pressure method of detecting leaks which was described in the program proposal 
has thus far proven unworkable, largely because of overheating of the cells in the test chamber. This method 
would have involved pumping the system down to its base pressure, then overcharging the cell and reading 
the resultant increase in system pressure. It was found, however, that the increase in cell internal pressure 
does not become significant before 2 or 3 hours following application of the overcharge current; even then, 
the increase in internal pressure is very gradual so that no sharp increase in system pressure i s  produced. 
By the time the increase in system pressure has become discernible, the cell has become severely overheated, 
is  outgassing at an accelerated rate, and may even be damaged if these conditions are maintained for too long. 
This effect i s  puzzling, since the cell i s  laying on the walls of the steel test chamber, which should act as a 
heat sink. Overheating of cells in a vacuum should be thoroughly investigated, since this i s  critical in space 
applications. As the first step in exploring this effect further, cells might be securely fixed to the end plate so 
as to assure optimum contact between the cell case and the metal mass of the test system. Test performance 
in this setup would indicate whether it i s  worthwhile to pursue development of a heat sink design for cells 
of  this type. 

We feel that the time required per test with the pump-down method could be reduced considerably, and 
that this is one area that should be given serious future study. The pump presently used with the system has 
a capacity of 8 I./sec. The next larger pump size available in this particular line has a capacity of 40 I./sec. We 
have been advised by one vacuum authority that 8 I./sec. is somewhat less than optimum for a system having 
the size and operational requirements of our present design. With the pumping capacity of 40 I./sec., it i s  
expected that the time required per test could be cut a t  least in half - perhaps more. With minimum design 
modification, the present system would accommodate a 40 liter pump. We feel, therefore, that the use of 
higher pumping capacity is one improvement in this test method that should be given serious consideration. 

I t  was interesting to note that a few of our present commercial-grade "D" cells performed quite well in 
the test system, exhibiting leak rates in the neighborhood of I t 5  atm. cclsec. These cells have a nylon-to-metal 
seal, formed by a nylon gasket which is  crimped between the edge of the cover and the can rim. The sur- 
prisingly good performance of this cell seal leads us to feel that one promising area of future study would be 
investigation of compliant, resinous seal materials in new design configurations for space use. 
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6.2.1.3 wand f3 Circuit Board Assembly (Nor t ronics  P/N 4212175) 

Two Reauired DO r Sensor 
1 

( cont td)  

Part Nomenclature ,,,' 

Resistor (R-3, R-47) 
Res i s to r  ( R - 1 0 ,  R-53, R-2) 

Resis tor  (R-57) 

Resi st o r  ( R-40, R-41) 

Resis tor  ( R - 3 9 )  

ReJis tor  (R-38) 

Resistor (R-37) 

R e s i s t o r  ( R - 3 5 )  

R e s i s t o r  (a-34) 

Resi s t o r  (13-24) 

R e s i s t o r  ( R-23 )' 

R e s i s t o r  (R-20) 

Crystal Diode ( C R - 1 3 )  

Crystal Diode (CR-12, CR-1) 

- Vendor Parts/ Sensor Vendor P h  

4 
6 

2 

4 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

-70- 

CB lM l/4 watt Allen Bradley I ,  

CB 510 ohm 5% Allen Bradley 
1/4 watt 

RB 65 2M 1% Key R e s i s t o r  
1/2 watt Corp . 
RN 60B 113K Key R e s i s t o r  
1% 1/4 watt Corp . 
RI 60B 100 ohm Key R e s i s t o r  

RN 60B.30.1 K Key R e s i s t o r  
1% 1/4 watt Corp. 

R# 60B 255 K Key R e s i s t o r  
1% 1/4 watt Corp. 

RN 60B 232 K Key R e s i s t o r  

RN 60B 22.1 K Key R e s i s t o r  
1% 1/4 watt Corp. 

RN 60B 100 K Key R e s i s t o r  
1% 1/4 watt Corp. 

RN 60B 1OK 1% Key R e s i s t o r  
w a t t  Corp. 

RN 60B 1 meg Key R e s i s t o r  
1% 1/& w a t t  Corp. 

SVll T r a n s i t  ron 

3v5 Trans i t ron  

1% 1/4 watt corp . 

1% 1 / 4  watt Corp. 
I 
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N O R T E C O W I U ~  N O R T H R O P  C O R P O R A T I O N  

6 .2 .1 .3  wand  b C i r c u i t  Board Assemblr (Hor t ronics  P/N 4212175) 
1 

Two Rwjuirsd per Sensor ( cont 'd) 

Part losenclature  P a r t d S e n s o r  Vendor P/N 

C r y s t a l  Diode (CR-7) 

Crystai Diode {Cii-8 CR-9, 
CR-10, CR-3 CR-4, bR-5, 
CR-6, C R - l l !  

Crys ta l  Diode ( C R - 2 )  

R e s i s t o r  (R-18, R-19) 

R e s i s t o r  ( R - 1 3 )  

R e s i s t o r  (R-1) 

R e s i 8 t O r  (R-45 R-42 R-43 
R-44, R-17, R-16, R-15, R-14) 
Potent  dome t e r ( R-4, R-48 

Variab le  Capaci tor  (c-9) 

Capaci tor  (C-10) 

Capaci tor  ( C - 8 )  

Capac i tor  (C-5,)  

Capac i tor  ( C - 3 )  

Capaci tor  ( C - 7 ,  C-2) 

Capaci tor  (C-1, C-4)  

2 

16 

2 

4- 

2 

2 

16 

G 

2 

2 

2 

2 

2 

4 

4 

-71- 

sv9 
iii4 je 

SV808 

RH 60B 332 K 
I$ 1/4 watt 

RlV 60B 499 K 
1% 1/4 watt 

Rl4 60B 16.9 K 
I$ 114 watt 

PH 3.5  K 0.1% 

301 20K 

vc 210 

Vendor 

T r a n s i t r o n  

Trana i t ron  

Trana i t ron  

Key R b 8 i 8 t O r  
Carp, 

Key Rea la to r  
Carp 

Key R e s i s t o r  
corpo 

Resistance 
Product Carp. 

Dayat rom 
P a c i f i c  

J o F e D o  

E l e c t r o n i c s  

TO .05 MFD 50V Sprague 

96P2249154 . 22 Sprague 
MFD lOOV 

4 . 7  MFD 35v Texas I n s t ,  

15ODl+75x0035BZ Sprague 

TAP 2 MFD 9OV Mallory 

CM 15 360 MMFD A r c 0  Elmenco 

9633339154 *033 S p m w  
MFD l O O V  
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6,2,1.3 %and B C i r c u i t  Board Assembly (Nor t ronics  P/H 4212175) 
I 

Two Required per Sensor (cont  ‘d)  

P a r t  Nomenclature Par tdSensor  Vendor’P/N Vendor 

Potent iometer  (R-21) 

Thermistor ( ) 

Thermistor (9-6) 
Trans1 st or ( Q- 12 , Q-4 ) 

Trans is tor  (Q-11, Q-9, Q-8, 
4-7, 4-31 
T r a n s i s t o r  (Q-10, 9-2) 
Trans i s to r  (4-14, 4-13, Q-5,  
4-11 
Transformer (T-2) 

Transformer (T-1) 

Capaci tor  (C-6) 

2 

2 

2 

2 

4 
10 

4 
8 

2 

2 

2 

301 5K Days t r o m 
P a c i f i c  

CB 407K ij4 Allen Bradley 
w a t t  

37Al Victory Engo 
co 0 

2N 328 -Raytheon 

2N 343 Texas I n s t ,  

2N 335 Raytheon 

2N 329 Raytheon 

2N 336 General 
Ele c t r  ic 

~ ~ - 2 5  United Trans- 

MMT-8 Microtan 

former Corp, 

96P1049154 Sprague 
0.1 MFD l O O V  

6,2,1,4 F a i l  Warning and Temperature Control  C i r c u i t  Board Assembly 

(Nor t ronics  P/N b213793): 

Part Nomenclature Parts/Sensor Vendor P/N Vendor 

Relay ( 1 3S2791GZOOS-9 General E l e c t r i c  

T r a n s i s t o r  (4-60, 4-62) 2 2M336 Texas Inst .  

Transistor (Q-59, 4-61) 2 28 656 Trans i t ron  

C r y s t a l  Diode (CR-63 , CR-66) 2 1N 2033 T r a n s i t  con 

C x 7 8 t d  Diode ( C R - 6 4 ,  C R - 6 7 )  2 18 459 T r  ansitron 

Crystal Diode (CR-62) 1 747 Trans1 t ron 

-72- NORT 60-46 
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t r .  - a n \  Resistor ( n - 1 4 ~  I 

Re si st o r  ( R-14 5 1 CB 390n55 1/4 Allen Bradley 
wat t  

2 CB 1K 5% l/l+ 
watt  

Allen Bradley 

R e s i s t o r  (R-142, R-146) 2 CB 2~ 5% l / 4  Allen Bradley 
watt  

2 CB jU9K: 5% Allen Bradley ! 
1/4. watt 

EB 506K 5% A l l e n  Bradley 
1/2 watt 

GB 680 5% 1 Allen Bradley 
watt 

, 

R e s i s t o r  (R-140) 1 

1 

R e s i s t o r  (R-3-50] 1 GB lo8K 5% 1 A l l e n  Bradley 
watt 

Hesistor (R-139, R-138) 2 GB 1,2K 5% 1 Allen B r a d i e y  
wat t  

Vendor Parts/ Sensor Vendcr P/N P a r t  Nomenclat.ure 

Hydraulic Servo Valves 2 Hydrauil c 
Research and W g .  
co .  

S yr,c h r o  Transmi t te rs  2 Clif tori Pr!s'cision 
P r o d u c t s  C O "  
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5 . 2 , 2 ,  Sphere  Actua t ion  Assembly ( N o r t m n i c s  P/N 5212143L: ( c o n t ' d )  

Part Nomenclature P a r t s / S e n s o r  Vendor P/N Vendor 
A c t u a t o r  S h a f t  Bearings 

e Yoke B e a r i n g  

(3Synchro S h a f t  Rearing 

E l e c t r i c a l  Connect o r  
! p +  plug, P- i n  - l - - - i  

E l e c t r i c a l  Connector  (P-9 
oocke t ,  P-10 s o c k e t )  

Sphere  Or i f i ce  Hose 

lJAU5] 

Sphere  Pitot Hose 

Hydraulic F i l t e r  C a r t r i d g e  

A c t u a t o r  P i s t o n  Seala:  
O-rings 
O-rings 

Cap S t r i p s  

A c t u a t o r  Cylinder Cap Seals :  
O-r ings  

Backup r i n g s  

2 

1 

i 

2 

2 

4 

1 

1 

4 

4 

4 
4 

4 

4 

AMS7K F a f y i r  Brg. Co. 

A541 Faf: Lr Brg. Co. 

AASSkrlDDFT E:' Fafrrlir Brg. Co. 

126-19 5 AmpheEd. 

126-196 Amphenol 

Sonf a m e l  

1/2" l e d o ,  Sonfarrel #lo!? S i l i c o n e  
Comp. 

A C  1182E-2 Aircraf t  P o r i o u s  Mtdie 

MS 29513-11 Parco 
Cornp. 363-76 
MS 29513-110, Parco 
Comp. 363-70 

911338-11 W.S. Shamban Co. 
Sll?38-L16, W O S .  Shamban Co. 

MS 29515-13 Pa rco  
Cornp. 363-76 
S i 1 2 4 8 4 3  W.So Shamban Co- 
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6.2.2 Sphere Actuation Assembly (Mortronics P/N 5212143): (contvd)  

P a r t  Nomenclature 

d, Actuator S h a f t  S l i p  
Ring  Sea l s :  

Parts/Sensor Vendor P/N Vendor 

O-r ings  3 MS 29513-12 Parco 
Comp. 363-76 

Cap S t r i p s  

CY Actuatdr  Sha f t  t o  p 
Yoke Sea ls :  

O-rings 

3 S13 589-12 W,S. Shamban Coo 

3 MS 29513-7 
Comp. 363-$0 Parco 

M A c t u a t o r  Cap Seals :  
O-ring 1 MS 29513-28 Parco 

, O-ring 1 Ms 29j13-18, Parco 
Comp. 363-76 

CompG 363-70 

Cap S t r i p  

O-ring 
e Actuator  Sha f t  Seals :  

1 Sll589-18 W.S. Shamban Coo 

1 Ms 29513-16 Parco 
Comp. 363-76 4 

S I 1  589-16 W.S, Shamban Coo Cap S t r i p  1 

O-ring 

Cap S t r i p  

WActua to r  t o  Hydraulic 
Manif o ld  : 

O-rings 

Hydraul ic  Filter Hbus- 
i n g  Sea l s :  

O-rings 

Backup ring 

O-ring 

1 hB 29513-12 Parco 
Comp. 363-76 

1 S11589-12, W.S. Shamban Co. 

5 Ms-29513-7, Parco 
Compo 363-70 

1 m-29 513-16 Parco 
Compo 363-76 

1 S1.1248-16 W,S, Shamban Co, 1 
1 X3-29513-113, Pa+co 

Camp. 363-70 
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E l e c t r i c a l  C O M O C t O r  
(P-4 socket )  

A D I V I S I O N  O F  
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6 2 2 

P a r t  Nomenclature P a r t d S e n s o r  Vendor P / I  Vendor 
A f t  O r i f i c e  Has6 F i t t i n g :  

Sphere Actuat ion Assembly ( l o r t r o n i c s  P/X 5212143) : ( cant  od) 

O - r i n g s  1 NB 29513-16 Parco 
Parco 4 

Compo 363-76 

Cosp. 363-76 
23513-i1 Q-riqp 

6 e2 3 Rear Bulkhead Assembly (Iortronics P / I  52122031: 

Nomenclature Par t  s/S en8or Vendor P/10 Vendor 

Hydraulic Coupling 1 240-58013 Worth American Ariat ion, Inc 

Lhl2 & P i t o t  Coupling 1 240-5 34 57 North American Avlat ion,  Inc 
E l e c t r i c a l  Connector 1 240-75151 North American Av a t i o n ,  I n c o  f ~ $ ! ~ o  E l e c t r i c a l  Cable Assemblv (Mortronics P/M 421378Lf: 

- P a r t  Nomenclature ~ a r t s / ~ e n a o r  Vendor P/W Vendor 
E l e c t r i c a l  Connector 
(P-1 socke t )  

1 PT 07P-14-19S Bendix 

e c t r i c a l  onnector 1 PT 07P-14-19SW Bandix 
1 CA-19618-17 Cannon E l e c t r i c  

P -2 socket  F 
( P - 3  plug f E l e c t r i c a  Connector 

I ’  I 
I 
I 

E l e c t r i c a l  Connector 

E l t  c t  r i c a l  Connector 
(P-6 socket )  

(P-5 socket )  

1 

1 

1 

PT-07P-18-32S Bendix 

DB 15s 

DB 15s 

Cannon E l e o t r i c  

Canqon E l e c t r i c  
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6 .2 ,5  Thermistor Probe Assembly (Nor t ronics  P/N k213920 & P/N 421L952 1: 
One Each Reauired Per Sensor 

Part Nomenclature P a r t d S e n s o r  Vendor P/N Vendor 

Thermistor 2 3 lDlO Victory Eng. Co. 

6.2.6 Flow-Direction Sensor Assembly (Nor t ronics  P/N 4212138) : 

Part Nomenclature P a r t d S e n s o r  Vendor P/N Vendor 
~ 

Cone I n s u l a t i o n  2 5212188 H.I. Thompson Co. 
( Nortronics  

P/N 1 
E l e c t r i c a l  Connector 1 DCH-37P-002-F9 Cannon E l e c t r i c  

E l e c t r i c a l  Connector 2 DA-15S Cannon E l e c t r i c  
( P-8, P-11 Sockets) 

E l e c t r i c a l  Connector . 

(P-5, P-6, P-8, P-11 Plugs)  4 D A - l S P  Cannon Electric 

(P -7  p lug)  

LN2 Valve F i t t i n g  Seals: 
O-rings 

LN2 F i l t e r  Seals:  
O-rings 

Blowdown Switch 

4 AN 6290-4 Parco 
Cornp. 363-70 

AN 6290-4 Parco 
1 Comp. 363-70 

1 M1-015-15-252 Metals and Cont ra l s  ~ 

Div. of Texas 1n.z-t. ~ 

Inc . 
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